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PREFACE 


Pens ara. ſcan 


3 

9 extant on the 80 "Subj 7 S, that 
Same, perhaps, may i 3 Im- 
's can poſſibly be made t I flatter 


4 however, that the attentive "Ind unprejudiced 
Reader will find ſeveral uſeful Things, in the fol- 
lowing Sheets, not to be met with in dog other Treatiſe 
on the Suben. 
In tbe Courſe of this Undertaking I deve exerted. 
my utmoſt Endeavours to extend ibe Ax r of Gav- 
ino Y laying: down itbe moſt general, accurate, 


and eaſy Methods of determining the Meafures of all 1 


the various Forms of Veſſels which occur in Prattice: 
In what. Manner ny Defign is executed, is is wholly 
ſubmitted to the K- Reader. 

41 have been ftudioufly anzious ta promote 7. th ant 
Prility, without even attempting to depreciate the La- 
hours F Others 3. as judging it more commendable to 


' Paſs over any little Imper efion that occurred, than to A 
endeavour 


to magnify it, with a View to enhance the. ; 
| Merit of my own Performance: And although Thave, 
in many Inſtances, deparied from mer Writers on 
the Subje#, tbe greateſt Care has been. taken not 0 in- 
| #roduce any. new Meihads of Gauging,” but ſuch as will, 
it is preſumed, be found, by the Prafiitioner, to be far 
wore general, and not more difficult, thanthoſt which 
Gre omitted x" and alſo ſuch as are founded upon the 


moſt indubitable. Principles : Which Principles, to ob- 
lige the inquiſitive Reader, are given in the Notes, 


; eee : 
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PREFACE. 
tube may want Time, or Inc _—_ to apply them- 


_—_ 5 8 to the ſpeculative Part vf the Subjet, © 
_ frag it _ be m— that — is no 1 e. 0 


atguuinta with 
A* 52 4 Fabien it you! can 
255 5 (what bas been already remarked, by 


1 bat Le 1 oY — Shirt. 
* cliffe, in His Theory and Practices t 
= us withaut aA competent. Skill in eee ond Geomelly, 8 
* c it is abſolutely impoſſibie for ay Perſon to deter- 
ene, woher her tbe given iy common Wrilths 
oon tb Subjet? be true ur falſe, and much 1 
mate any leren br len Tmprogment in 1b 
d Science: — nd tbergfurs, I cum "batt 
think it extremely abſard, and ili naturei in ny One, 
I endeavour to Apreciate, and, what in vify afts- 
Fetal even 40 ridicule thoſe exrellent Brumt ber of 
Herner, from tubence urr derived thi very Ruled" and 
Haftrumens, bib are ſo bighly approved . 
pragticul Ganger; without . be 


5 dene. . e g Ars . fe. 
5 a R n ee nne 
. — r an ait Place 10 enu- | 
ate all abe Particulars that rompoſt be Gn 
wd it may therefore" ſuffice to point dus om in fe 
P F "thoſe. * Articles; "which, \perbaps\"tbe--eandai "and 
Faden Kader cui look unos a real avid oftful Th 
* provements. td on Sn Aves 4: 10 wen. 
ee Bufmſrof CakGanyging «(whieÞsFeckoned = 
RT abe maſt: difficult Part of "the Suben) 45 ver 2 
_ - "nid" prattical Mmzüd i "drtevinitiing,"v 
den, de due Hanieh of am ce Gift; whe 
th eh ehen with 2 5 _— 
_— , Hato of 166 Vatitt 
=: ; by InſpeRion only: Abit, it In pre, ir un 
3 , Which,” fa ee I be oe 
WM 7 8 . x . 5 
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ER E EA CIE 


Alaam of prebenting ſuch Erroxs as muſt 25 
vunpen, Ey tte ordinary Methods of merely gueſſing 
at.the. Variety. of the Caſt. — In this Branch of Gau 
ging. are alſo given, dung very-eaſy' and comprehenſive 
Methods af finding the true Mean Diameter of the 
three. different Varieties: qf. Caſs, let the," Proportion 
ofthe: Bung aud HeadaDiameters' be what it wille 
Fus on ſuch Pro purtion ſand not upon. the. Difference 
of tbaſe Diameters) tbe true A A Adi 
4 Mean- Diameter, wholly 
The Nature and Property uf . ge Rad ure | 
far more. extenſively conſidered. than beretofors; with 
very plain and\uſeful Directions fer applying this Inu. 
Arumant. with Certainty, 10 4 great Variety ef die- 
rent Forms of | Caſts. It bas been bitberto imagined, 
tbat ube Diagonal Rod would only enhibit the true 

Contents ef one particular Form: of Caſtt; and 4% 
that its original Conſtructian 1005 from. a Caſk, whoſe” 
i go Inches, and Content 60 Ale Gallons, ar. 


Feen ene teten Content and its correſponding Die- 


onal, as they appear on:Gauging Rules. — That be:. 

Diagonal uf: a Caſk nase 30 Inches, und its Context 

| 60-AleGul{ons (or about 735 Wine Gallons) is indif= _ 

 putably. N But it rertainiy does nut follow from 

tbence, that \ there can be but one-Bung-Diamgeter, - © 

Head. Diameter, and Length, allotted" for. n Cat, 
much can bave ie above-mentioned. Diagonal anus 

Content: becauſe all thoſe Dimenſions, and conſe an- 

; SEN an" whe4> rude, . Var eat alter a 
eit 1 Magnitude, er Variety: Ses c 

N eee 
Nie 0 

Caſts, by the. Pen, are e 2. conciſe a 
Manner as paſible; with very eaſy Directions for de 
termining when the Lines 2 gn the Slidisg- 
Kuli may be depended on, and alſo whether the Error 
= 1 . 8 | . 2 3 


* 


"IE PR E FAME 
Tie Method of approximating the Meaſure of any 
curvilineal Plans, by Means of eguidiſtaur perpendi* 
| e natet Fan Dhomerite), is delivered with as 
much Perſpicuity:and Conciſeneſs, as the Nature of. ; 
fo- important a Subject will poſſibly admit ; and 
which is moreover illuſtrated with-praper Examples, not 
only of Figures whoſe. Properties are known, andthe 
Areas thireof detenminable by; athet 'Methads ;, but 
| _ oof Figures whoſe Properties. are unknown, ang. 
their Areas not to be determined, with any wee 
by: any other — es 2 go 2 
Very accurate es. are given Areas | 
pf Circles i in Ale and Wine Gallons, eath'to 120 nao 8 
Diameter. — Tables. of this Nature are indeed to 
3 be met with in mat Authors on this Subjet z," but. 
3 however, the © Methods. of "Computation bring mort 
1 eau and eaſy than any that baue occurred to me), y 
which ie Tables in Pa. 240, r. were attually - 


fall Table to larger Diameters. - woe mitts 

| Mam other uſeful and intereſting. minke.” 
=” bere- be mentioned, but I rather chooſe to refer. to be 
et ie and tberefore Hull andy beg that tbe 
Xe.ader tuill not tos haſtily cenſure and candemm it TY 
e peo itanith propertth/en- 
3 tion, be will candidly excuſe ſuch; Defe7s.as may occur 
EE: 10 lim, and have eſcaped my Ohe baden,, Thin it: 5 

I boped, is no unreaſonable Requeſty) ſince it is hut fol. | 
= Fating. that ludulgence which every One is intitled to; 
ubo lays bis own Sentiments before the Public, 1 N * 
_ A 


. 8 * k 434 n i 1 5 1 9 1 * 
2 
ck. . 4 * 4 * - 
: I oe hy . 3 . S | "wt * * 
5 S 3118 
we; - 1. 3 a 1 8 U 8 * 4 * * (4 
| 8 0 3 o yn „ 0 , 
7 8 . %, 9 1 . 
„ n W Kad $4. 
Y I) 3 * : K 3 
2 929 * „ 2 * 8 of #4 oy I 1 * 
: ; * 7 % 1 8 
— 4 o * 
mo - x - . 4 
* * "FEY c ! * "i 
4A, : IS E " a 1 z 
93 * 1 . 
* > 6 
— Fu 
* 
— 
4 ' * - 4 
wy 4s ; "x" 1 $5 
4 19 4 4 > { 3 
FR 2 FFF „ 
2 1 wack ba 1 * 1 — 


- 
2 . Tx % | * * _ *% 
Un as ole ee anthem A) 
x! & i \ MILL Wann 20 5 
1 


e Ir TIN I 
bfr, A ” Page t 
„„ T. MO LPR 
| e Ber v8 . * 5 

4 Gen on 0 FS Dy in W Mb 


4 
| 3% A Us AQ) 3 OWN, 

u. eB wan 8 . 5 W \ N.) 2 My d. 5. WY: 
'* Noot. n — * A. 6 


77 8 "6% d . 1 ie A a V 9 NN 


of. the Confirudiay And. Appen of the Sliding- 
IN) ern baer wy ea. * 


N. 


6 - Wa E , worm * 
* 


01 Kt \ N R : „S 08 | 
Cem Dein hn, M Lines 

ges, ente F r 8g 
| 18 5 eee 3 2 WES wer vi we in * * 


"the Co ole Sefons pe HEY: 22 05 n 


* . . » * - 
* * 


1 4 3% SE ea. vil. 9 5 - Be 


2 


the Contents of plane Figures 2 cy 
por duc aal, and Malt . — 66 


* 1 = 
kx + a 


1 CT.X, 

e = n FG Ke. 156 
* | Oo the Sate and . derer of the Diagonal 
| Rod 9 17 TRL ; 194 


2 ** 


er . e 


. Of bing can. a e roaring d 5 5. Pen. 212 
= | Waits W "WOT Nil unn 05 V 
A \ of the* Areas of the Segments of Opal, 238 


. 3 The Uſe of we 2 ED D, Kt Male-Ganging ot 


* e LE 8 
» VP # 2 3 we +, _ ff 7 
* od. II 8 5 % Sts 266 TIS * &Y N 

* | 147 N * 1 5 : I 45 % * $; , 
EE EIET Ro I, 
i 5 85 7's "3, 5 "HE EG ow, oP 2 995 | a by % FI HEY . 1 


- % : 4 1 
, 2 5 f ; N 25 r wh x 2 : Wo * 8 he 
* 4 2 N 2 0 s * : 7 * ** * bf 52 ) 2 *%” 
1 ** +1 7 2 4 % 23 FF | „ 5 y X Rd 1 * 5 
1 // = RCRA, 
0 \y 3% 3 It 1 * * 2 „ * a * 3 4! \ £ 33 95 NY * Lg. Bo . 5 
1 .I Mas cl ABMS IL og gt 7 6 {0 Qt 2 vo 2 1 
: +. x.» a6, 0. CS 
i”. 7 oF . . ; . 0g — „ ++ 8 ne 1 L. . 08 1473 J 4 
2 4 Y - © 5 ” 4 l y 2 7 55 5 ts N 5 . 4 iS 2 * 
; ? a * N ” RIES 2 
Q : 4 1 %* — „ . . 4 
8 - * - Fa « * 7 * wap 8 * 4 N PL 15 * * fx 
7 . e J | 
. : "Soy 2 2 . I . 4 Gy A 3 
. NN 15 N W * 1 * . Ak 7 R$. 4 ne 3 jp 
< ” N 1 "A 0 4 . KS - 
EE” : 7 — . J: 
4 1 3 — = AY AL Ax * a 2 4 os 50 LS \ 
Y FED N 
Þ | . ; f I 825 70 95 | ES * 1 : 5 ** * 5 2 4 N - / - 5 ; 
— Ka | l 7 1 : 35 with. 4 • ⁰ͤVUE 35 | 
or 2 . gon 'F 1 65 1 3 „ 4 gf " 
7 | 8 3 | OE Hf 
1 4 $a — —  _—_ — 4 Sad: I Joo? 14 WF Lo 
W 2 * * * 
' — + 4 - 1 
. % 83 
. : ? 1 L a f 
„ | 
fi K 8 
* * 
, % * 
* * 
1 "4 ' 0 
1 8 I 
: 
4 * f 
: : - 
: 2 - — - * 
was [Ps 15 id e . * 
RN 4 7 \ . 
7 2 * 1 2 % 7 7 
. We 5 Sa » 
1 2 gn. . = 2 


* 


a 
o 
"1 « 
4 
5 * £ q A, 4 * 4 4 \ 
, 4 a C 
1 S , 4 \ 
#4} i — . 4 % 7 \ 1 
3% 1 2. 
4. * 
— ming A - 3 
+ » — 
= 


% 
| | In one Volume ra i Price 6. Fr 


HE ACCQ wp GEOMET 
CIAN : a rs on ge 


r 2 wrers eee en ta ne 
METRY, e e Wb Nera A W Yen 
AY 

B. DON 
* „ A en . zt ni > A 48. * 

J 20; x. 


1 1 Ale, by "te fan e A al + ; Volume, 


Bein Als es Book-kzevinG, ad 
Fe Gio | 6 


ray wy AJ M2, 
N. 4 5 bits 2 * 2 9 


| Oftaro,' P Erg b, bongg This cond. K jon, 


with Re of MATHEMATI AL ES. 


SAYS: Being ESSAYS: on” Aricime 3 
Par g 4 Hehe | 


I, in 
_ um kew or 2 aan . bas 9 % al a ate a rr 1 


* ohne xx N in 
os 9; Jc AT Jomnizon. « 
be the CN „ a e MOR WA 


N B. Mr. Donn's „ DeGgnis to kin e Pub- : 


r with 1 New Comſe of Mathematical 3 
gi) > "If 


" 
. 


o * x ” 
1 8 [ ' Fo 4 
.* » b 
F 3 $ * $ 1 * ; i? F 
TSA o 5 A 
1 $: 
W & #1 \ 
4.0 * + 
S-' 
% 
Rs * 
* L A * ö 4 
ff ” , * * — 
* 
„ 1 
6 ' * y 
wh ” 
. F n o 45 1 
4 : \ 
# 
5 { 
$I 
Pl oy . 
6 p : 
1 4 # — * 
* 
* 
l b 
4 — % 4.5 \ 1 1 =_ 
a K = 1 8 
£ s A v "> 4 £ * 4 


2 
3 
RN 
aL 
Z 
3 


. * a 
LO * 0 
. 
i 
* 
I 
* 
: '' 
ö . ö 
3 
% PI - 
'l « 
5 * 
7 F 


F e % 124 ** Py . P * . 
i os ll * 111 ea 1 gs - 
* 8 x" i Wan * N - 


7 
Ar 


6 | A 1 4 D tu 


| NAI 
onde 4 15 C4. 
e ee 5 , toy 


e 4 
: 


5 Ss Er gs Se, > og 
bred 7 23 4 Mev O 2 e ano 


Mx 482040 


Jure 5 41 J a6 7; . Ne 


e 


— f 


ee 
| ab 29040 > 
wil, e | 
Tala A 
Mien Wo. TA? 
8 bas _— 
WS twig . 


BN 5 


e 2 


ehen ln 991 | 


FT 8 


5 dA wy nol n Et AT n aM & 3 


e W V and) M & OM n 


- 
* os - 
, * 
PR ft 
* P . 5 
0 | 
# # a 4 * 7 
4 £ : 3 — Wy * Ni- 
= % a 
4 &« * n Y - F * 
. - 4 
e It * 7 1 * * 
Tat g 4 
3 $ 12 
A - » * 1 £ 
' 
„ a | 
m # * * D A\ y 3 „ 
— * 
< « * ” 4.,4 # 
4 2 * 
* - 
j * 
* 0 * 
\ | 
" * 
1 
\ 
Rn y / 
* . — 
* © 
- 
"4 


25 — * 5 « 
x | > 2 N 
* 4 4 1 - N 
# Ws: + * * 
er. * 1 i * x 
l \ PEE 4 Nen * * 
S * 1 J 
*. , 4 , JE l uy 8 N 4 P, 3 4 12 mw. 1 4 4 1 
. nn 8 n 


: 2 poſſible of the Nature of Fractions in 


5 8 


©. 


A 
TREATISE. 
or 
GAUGING, 


SECTION I By: 


o Drendar Fanorrons: 

is indi nſably ned: of |. every: One 
who would has of Gauging, to 
acquire a, previous and compgtent. Know- 
| ledge of Decimal Fractions ; as the Dimen- 
ſions of all Utenſils, of what Form ſoever, are 
taken in Inches and Tenths, all Inſtruments, for 
that Purpoſe, being decimally divided: I there- 
fore apprehend it will not be improper to give, 
by way of Introduction, a ſuccinet Account of 
Decimal Fractions. 

Firſt then, in Order to FIRE as chan The a | 
us conceive an Unit, Integer, or one whole hing, 
of . Denomination 3 eee Coin: 


8 


CR 


A. Ta zarte of Sect. I. 


Meafure or Time, c. to be divided in- 
nut Number of equal Parts; then this 
os Parts, be it what it will, js ever 
the Den wi 0 of che Fraction; and that 
ng hew many of theſe Parts are tb 
2h taken, or Auen, is called the Numerator. 

Thus, for Example, ſuppoſe an Unit, or In- 
teger, to be divided into 12 equal Parts, and that 
it was * to expreſs 5 of thoſe Parts in a 
Volgar Fraction 4 then 12 will be che Denomina- 
tor, and 5 the Numerator, and the Fraction itſelf, 
will, by writing the Numerator above the Deno- 
— &, with a Line betwixt them, be thus ex- 
4s read  Five-twelfths ;!_—— This 
5 2 e e Vatter for Fractions of all Devo, 
ions. 0 
But, in Decimal Fractions, where as Integer, or 
. Whole Thing, is ſuppoſed to be divided into 10, 
100, or 1000, Sc. equal Parts, the Notation 
will be more tortifnedious for Practice, by wri- 
ting down the Number of Parts to be Gen with 
a Point, or Gamme, prefixed, without putting 
down the Denominator, as in Vulgar ractions ; 
3 unneceſſary here, ſince it is al- 
ways Known to be an Unit, with as many C y- 

phors unn as there are Places in the Fractibn 
talen. | Thus 1 (Five - tenths) expreſſed docimul- 
by, will be ꝙ, and dg (Seventy-ſive Hundredths) 


Will be 

A wil de proper to obſerve, 40 dhe Learner, 
but Gyphers piaded bn the left Hand of a Deci- 
mal "Erattion, decreaſe its Value in a ten- fold Pro- 
portion, in the ſame Manner as Cyphers placed on 
de zäght Hand of a. . Narr, increaſe the 
Value thereof. 

For Example, 4 bd is the Half fun dla, 


bur N beh. 


rrth 


= ——_ an Unit, Which is 


Scr. . GAU GING. 33 
veth of the former; alſo oo (+5) is only 
5th Part of an Unit, and is therefore eth of 

the the laſt Fraction. og, GS. 
_- It may - my ang proper to take Notice, that Cy- 
on the right Hand of à Decimal 
—. hes augment nor diminifh its Value. 
8 (or Five-tenths) of avy Thing, are the 
in Value as 50 (or Fifty-hundredths) 
of hy ſame Thing: In the former of theſe, the 
Integer is ſuppoſed to be divided into 10 equal 
Parts, and in the latter into 100. equal Parts; 
hence it is very obvious, that 5 ＋ 10 equal 
Parts are equivalent to 5; of the 100 equal Parts, 
of the ſame Integer, or Unit. 
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Dh hob ShKY 2 
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In. the preceding Table, it is very obvious chat 
the Figures on the left Hand of the Point are In- 
—— _—_ ——_— N 


ee eee Feen 225 er LY 
75 kun tie 4 was, "AG 
mal Fraction. 


Gab k neee 


= 
++ 4% * nr , a | 
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4 e 4118 of Sor. I. 


ow $06 


let 2 competent Number of 8 3 
nexed to the Numerator, to form a Dividend: 
which being divided by the Denominator, the 
5 1 (if there happens to be no Remainder) 
1 be Xe preciſely the Decimal Fraction Sang 
ExAMPLES. 


of 


- How . 2 and 3 of an wir or Integer, be 


ecke, in Decimal Fraftions 7, 
4 1 | Oyrnnartons. : | 
4903. 00.7 9) 7. 000.875 
„ . 
20 = 
\ 20 #. & 56 
3 ͤ ao 08 WO 
1 * > : 2 „ 
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A Vulgar. rr — in « Decimal Fraft 
_unleſs the Denominator of the Vulgar Fraction is either ſome Power of Fa 
. ſome Power of 3, or elſe ſome Power WY NOR TOON of 3 that is 


univerſally, except the Denominator is 2 1 ge a to 8. 
note any whole Numbers whatever, or one « Number and the 
N = 0. 


= evident that, wa, oo 10 is divifible by the Digits 
ger ta and 5g an and it ie 7. 3. B. cee 3 


f . . * Number; from whence it follows, 
that any Power of the greater is AAR the ſame Power of the leſſer Num- 
ber; and it js well known, that, in reducing any Vulgar Fraftion into a 
Fraction, the Numerator of the former is ever multiplied (or 

el to be multiplied) by ſore Power of x0, and 155 ProduRt divided by | 


8 


er GAUGING. 5 

Hence it appears that 4 (Three-fourths): of an 
Unit, are uivalent to .75 (9e, that is, to 75" 
Hundredth Parts of an Unit or Integer : Alſo, 4 
| (Seven-eights) of an Unit, are equal to .875 (TN 
B75 Thouſandth Parts of an Unit. 

After the very ſame Manner, may any other 
Vulgar Fraction be reduced into a Decimal Frac- 
tion. 
. AppimioN of Drina. 


Ppaor. 2. 


To find the Sum of exp! gives Mate of Decimal 
Fractions, or mixed Numbers. 

The Method of Operation is the very fame as in 
whole Numbers, ſtrict Regard being taken in 
placing the ſeparating Points one under another; 
and alſo to place Units under Units, &c. in the 
Integers, or whole Numbers, and Teaths under 
Tenths, Se. in the Decimal Parts; and, laſtly, 
to point off as many Decimals in the Total, as 
there are in that given Term, which conliſterh of 
the greateſt Number of Decimal ee Rs, | 


EXAMPLE. - 


Suppoſe it were required to find the Sum of the 
following ars Numbers and Decimal Parts, viz 


26. 489, 


AE” tg 


” 4 IHE * * * 1 wa 65,5 £4.34 


2 eee e tat e u. bee ofthe 95 


'Vulgar Fraction be erpreſſed by 2" c 53 (n and being any whole Num- 
ber, Ce.) the Numerator of the Fraction, (whatever it be be) drawn into ſome 
| . of 18 be divifible by the 0 Denominator ; conſequently the 


never terminate, and therefore muſt neceſſaril de either a 
> nr or « circulating Decimal, © © | , 
Hence it is evident, that ii thoſe Decimals which happen to 
the Unit's Place of the Disiſor (or Denominator) will ever be found, 
o, — 4» 5. 6 er; but when either 1, 3, 7 or 9 ſtands in the Unit's 
8 ede. it will be for the Quotient 
terminate. W. B. If any of the Digits, 2, wr 
Ger 5, e of Units in the Diviſor, the Quotient or Bech 
R RE : 


a | 


B 4 4 6 Af IIIA of Seor. I. 
I = 26. 2 $2.05, 18.407, 7-563 a and ,076,— 


1 erma, being e 0 "the 157 
= e Diredions, 


8 % . + ”o # 6 4 
0 PE 2 — \ 9 


. Total 128.402 . 


'P 5 . : * * *. 6 A * 5 . 
12 40; £ a 7 4 * 9 1 * 2 4 = 
4x + 33 * * * * 1 * n 
ea 
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This being ſo very dbu it would he ee 
— nd, 8: any more Examples of this 
e ; 

8 | SvnrTRacriN of Drengars, 
ee bn 4 A 8 
EIS >.” SIXTY © ap e 4 5 
7 YT No Difference of any "two. given Drcimal 
Fractions, or * Nembers. 


* * 
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| | | Rows. 


a the "be Method. al eee in 
7 two given Quantities, as in the vil puns 

ule, and if it fo _—. that the upper 
Lor greater) Quantity ſhould not conſiſt of as ma- 
ny Decimal Places, as the (tet the Defect 
muſt be ſupplied annexing Cyphers (or 
ſuppoſing them annexed) to the r Term; then 
ſubtract as if they were whole Numbers, and 
we. ſhall obtain the Remainder, or Difference ; 
n to Lang Os Decimal, or * 
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EXAMPLES. 1 | 2 


From 8.75 29.85 pre 
Take. 4.8476 12.384 23847 


Remainder 8 Her. | - 13.486 47563 


— —— — 
MouripLroaTion of Deormats. . 
P R OP. 4. . 
To find the Produ8 of any ters . Detimal 
PFraftions, or mixed Numbers. ba 
2 Ru k. ; 


Let that Factor which confiſteth of the greateſt 
Number of Figures, be multiplied by the other, "4 
in the very ſame Manner as if they were both - be 
whole Numbers, and from the Product point 
off, towards the right Hand, as many Decimals, as | | 
there are Decimal Places in the given Factors. 


ExaMPyLE 0. 


| hw it be required to find the Product of theſe c 

two Factors, viz. .764 and . 28. | 0 
„ | | 
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Vote. The Reaſon of pointing off as many Deci- 
mals in the Product as — are Decimal Places 
in both the given Factors, is very evident: For 


5 the above Fractions being expreſſed by 254, and. 


rewe and the Product of theſe (by the Nature of 


Vulgar Fractions) will be 2225 ; moreover, ac- 


cording to the Notation of Decimal Fractions, 
the (ſuppoſed) Denominator of each Fraction muſt 
confiſt (as above) of as many Cyphers, as there are 
Figures (and Cyphers) in both Fractions; hence it 
is evident, that the (ſuppoſed) Denominator of the 
Product will conſiſt of an Unit, with as many Cy- 

phers annexed, as there are Cyphers i in both the 
Carpe ppoſed) Denominators of the given F actors, or 
Decimal Places in both the given Fractions, 
which muſt, evidently, be equal to the Number of 
Decimals in the required Product. 


EN 2. 


—_ 24.8763 
| 3. 47 j 
myo os 1741341 
*. 995052 | 
| 746289 
Frou 55 e 
* r 


When the Product Joes not e conſiſt of as many 
| Figures, or Places, as there are Decimal Places in both 
the given Factors, the Defect muſt be ſupplied, 
8. prefixing Cyphers to the W 5 * in the fol- 


wing | 
— „ wb 
E | | . ; 
XAMPLE. 
* »4 
A . ” 
SZ 4 * f : 
FJ 4 
8 . N | 
„ 
8 6 * N 5 1 
n — . 2 


Szer. IJ. GAU 61 N G. 4 


EXAMPLE 


Multiply 5.478 
By . ooo 54 


4 


21912 
27390 * ä 2 I 
Product . oo298 12 


\ * 


Deinen of eee 


Prop. 3. 


Two Decimal Fractiont, or mixed Numbers (or aue 
of them a mixed Number, and the other either a De- 
cimal Fraftion or a whole” Number) being given; to 


nd the Quotient ariſing from dividing one by the other. 
The Method of Operation, here, is the very ſame 


as in Diviſion of whole Numbers; the only Diffi- 
culty lies in determining the true Value of the 
Quotient, or of pointing off the right Number of 


Decimal rende Fans e obſerve the 
following goal. | 


open with « "Rows 


Point off as many Decimals in the 
the Number of Decimal Places in the ] nar 2 | 
ceeds that in the Diviſor... 
For it is evident, from thep prfeding Nt ths the the | 
| Decimal Places in the Dividend muſt each gqual 


to the a of py n hs + Dive and 
Quotient. 


* A 


4 « * fy 1 f 7 5 { - 3 * 
$4 {> 4 ” - 


10 A TEATISE FC Seer. l. 
| Ex AN I x: 
Divide 28654 by .34. 


Or ERATTO x. 


340.7286542. 1431 
24" ls 8 


11 
* 
O 

Un 


. } 
* 
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In the above Example, there are ſix Places of 
Decimals in the Dividend, and only two in the 
Diviſor; conſequently, by the general Rule, there 
muſt be four Places of Decimals in the Quotient. 

It is very obvious, from the preceding Rule, 
that when there are juſt as many Decimal Places 
in the Dividend as there are in the Diviſor, the 
Quotient will be a whole Number, it there hap- 
pens to be no Remainder after the Operation : But 
I there ſhould be a Remainder, let Cyphers be 
annexed thereto, and fo continue the Diviſion at 
- pleaſure, and we ſhall have as many Decimals in 
the Quotient as there were Cyphers annexed in the 
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Let it be required to divide 1341.48 2 by 5.283, 
and to have three Places of Decimals in the Quo- 
tient. | N 

It is very evident, from the general Rule, that 1 
there muſt be three Cyphers annexed to the Divi- 
dend; then the Operation will be as follows, 


OPERATION. 


5.283)1341.482000(253.924, &c. 


* 


When there are not ſo many Figures in the 
Quotient, as there are Decimal Places in the Divi- 
dend more than in the Diviſor; ſupply the Defect 

with Cyphers, prefixed to the ſaid Quotient; as in 

the following F 


9 
\ . 
" | 


- {4 * 
K * » Lt + # 
3 Y 4 _ 5 
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1 FE xAM TE 3. 
| Divide vgn ag by 165. 45 
4 Orznarion. 


1364507, 56249-0875, be. n 50 
147 S 


ftw - 193374 
95515 

r 2 
78599 
68225. 


———— — 


„ 5 10374 Remainder, 
| | Pror.6. 


7 o reduce Coin, Wight, Major » or . ke. 
into Decimal a nem 8 


Roam” 


2 : 


When there are two, ot mare, different Dessen wo 
tions given to be reduced-into Decimal Fractions, 
Whether they be Coin, Weight, &c. Firſt reduce 
all thoſe different Denominations into the loweſt of. 
them, which will be the Numerator of a Vul 
Fraction, Whoſe Denominator will be the Sen 5 
teger, reduced into the ſame Denomination as the 


2 Numerator; this Vulgar Fraction 
chen reduced (by Prop. 1) into a W 
| 98 che Mags, 


1 4 
10 ' ts 7 n 188 
„ © * „ E 5 6 s F,% * 
Way / 4. " 
: Pa * 4 
i XR 4 M Þ L .: 1. . 8 ie Fe 
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7 a 


ee 163. 5 into the Decimal 8 
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Firſt, 166 4d. is equal to 196 Pence, the Nu- 
merator, and in 204. (the given Integer) are 240 
Pence, the Denominator ; then (by Prop. 1.) 478 
being reduced into a Decimal . will be the the 
Anſwer required. 


»% 


OrzRATION. 


240(196. 0000(.8 166, &c. the Decimal Fraction 
1920 | [ſought 
400 1 
240 hone Ne WE 
x600 3 7 | | | «3 
16407 | : | 


. — — 

FF | _ 

3 1 , ; | | - ' 
— 1 \ : K 8 - — 


416ᷓ560 . „ 8 


iy \ExAMPLE/2., 5 
| | Lek be required to ehren 145. 1002, 8 1 
1 1 Ts, when one 10 is ſuppoſed 1 Ss 
nteger, or Unit: Or, which is ame Thing. 80 Ta 
"what Decimal Part of a Ton, 1 is 36. 1419. 1002. 
Firſt, 34. 1416. 1002. is B 157909, the. 
= Numerator.; | 
*Þ And one Ton is equal to 358400, 1 the Denomi- > 
nator : 6 
Then (by Prop. 1.) reduce the Vu 
9 into a EIU IR | ſer 


F 174 A Tazarizn.of Stet. I. 
% o 0 


bs 5 8 :080000(-044029, Kc. the Decimal 


1 2 {{ 1 
3 4336 | | Lough 
ES. 13᷑4440⁰0 8 | 
N 243300 5 
7 ' 104000 Po 
71680 
Re 323200 
4 5 | 322560 | 
1 640 Remainder, 
Pro. 7. 
| | To fold he run f en iu Decal Bube, 
13 e nes 


—_— Multiply the given Decinial by chat . (of 

. 1 next inferior Denomination) which expreſſes 

D Value of the Integer, of which the given Deci- 

1 mal Fraction is a Part; and from the Product point 

F” | _ off..the Decimal Places, according to the Rule 

obſerved in Multiplication; and we Fall then obtain 

F . _._the Valve of the given Decimal in the ſame Deno- 

mainstion of the Mautcipler: And ſo by proceed- | : 

iing in the ſame Mahner, *cill we come to the low- 
eſt Denomination of the propoſed Integer, we ſhall, 


. 5 _ at laſt, get the Value of the propoſed Decimal 
T_ Fraction: The following at es * weich this 


2 wy _ 105 | 
„ S 


Srer. Il. GAU GING. 1 
Ex ANTI E 1. 
Required the Value of 9495 = a Pound Ster- 
i ng. ; 


OOH e 


495 
6 4: Shillings, the Value of the Integer or 
| [Found. 
18.99Q0 
BT Pence, the Value of the Integer or 
a ſt (Shilling, 
11. f | 
4 Farthings, the Value of the r or 
3.520 


Hence i it a ppears, bs the Value of 9495 of a 
Pound Sterling, is 185. 14 52 Hundredths 
| of a en | | 


ExANPLE 2: 


How many Quarters, Pounds, Ounces and Drams, 
are roared in ys of an Hundred-Weight | 


: 4 s 8 f 3 
* - 4 
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OPERATION. 
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482 
4 Quarters in the Hundred, or ater 


— 

Toad. | t 

28 Pounds i in che Quarter, or gw - 
2424 e eee | 
1856 


25. 984 
10 Ounces in the Pound, or e, 
8 5900 | 1 


15.744 0b 
16 Drams 1 in x the Ounce, « or Integer. | 


— 


11.904 


* 
* 


reren, Lis 3 nt -482 of an Hundred- 
Weight is equal to 19. 251b. 1502, 11 dr. | 
Thouſandrhs of a Dram. _ FE * 


„ ExanyLe 3. 
I 0o find how many Weeks, bak: Hours, eie. 
n e eee ee . 


— 


} | 
: - 
A 
8 or 2110 
I p 
« 8 oY ls, f 
. 7 F 8 
* 5 f 
| 8 ü e: - 
«es; 4 % * k 
- * | 
5: . 4 that 4 , 
1 4 +2 X 1 | 3 * 7 
1 2s +4 n » 4 
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| OrznarION. 
856 
bo Weeks i in the Month. or Integer. 


3.424 
7 A in the Week, « or Integer. 


— — 


2.968 
24 Hours in ho this: or Integer. 


38722 
1936 


23. 232 I; ; | 
bo Minures i in the Hour, or r Integer. 
13.920 5 > 4 

| 60 Seconds in the Minute or Integer, e 


55. 200 


It is * in the preceding FE yt & © 
+856 of a Month, is equivalent to 3H, 2D. 1 


4) and for the fame Reaſon, the Square Ros uf 


4 — — x | . — — . 
8 E 0 T I 0 * 8. mo ES 
- Of the ans Reer. ED 5 We. 


0 ud the Square Rees. of any en Mandan: - 3 
7 e the ſuch a Number (if poſſible) which AD 
being a 3 itſelf, the Produ be equal _ 
the given Number. Thus, the Square Root 
of 4 is 2 (becauſe 2 multiplied by 2 is equal to. 


28 


Sn e I 
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ly appear from the cen Table of Roots and 
Squares. ; , 


e 5 FP 4 1.4 2 A A e 
ee eee e. 


The Square Roots of Numbers are either ſim- 
ple or compound; viz. /imple, when the Root 
conſiſts of one Figure only; and compound, 
when it contains more than one Figure: 
And it may be proper to obſerve here, that the 
Number of Places in the Square of any given 
Number, whether a ſimple or compound Root, 
will either conſiſt of juſt double the Number of 
Places in the ſaid Root, or one Place leſs than 
the ſaid double; that is, if there are two Places; 
the Square thereof cannot conſiſt of more than 
four Places, nor leſs than three; if there are three 
Places, the Squate thereof will either conſiſt of 
five or fix Figures, or Places, Cc. Hence 
it appears (fee the ſubſequent Lemma *) that if 
a Point be placed over the Unit's Place of any 
whole Number, whoſe Square Root is to be extract 
eds, kand another over the third Figure, and ſo on, 
over the fifth, ſeventh, ninth," &c. viz. over every 
other Figure to the End; we ſhall have as many 
integral Figures (or Places) in the Root, as there 
7 Points placed over che propoſed hole Num- 

r. 

Any whole Number being thus pointed into 
Periods, its Square MO ay be e OY the 


_ followiog * on 2 ba 5 5 2 5 
nde Pio Rein 343 an wah N W * 
Wa vg * E * I IN * 1 ai e 5 81 
200 n 724 71 Kung! $4 


Flut find by; the preceding Table = 1 
Trials, which: wer dhe dine Digit being ſpared, 
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eren. GAUGING: _ 19 
will be equal, or the neareſt 7/5, to the firſt Period, 
beginning at the left Hand; which being found, 
place it at the right Hand of the given Number, 
whoſe Square Root you are then ſeeking, in the 
ſame Manner as a Quotient in comtnon Diviſion. 
Then let the Square of this Number (which is the 
firſt Figure of the required Root) be taken from 
the firſt Period, and tothe Remainder (if am) join 
the next Period to the Right-Hand, this Number is 
called a Reſolvend; double the Figure of the Root, 
and place it as a Diviſor to the Reſolvend ; z then 
ſeek, as in Diviſion, how often this Diviſor is con- 
tained in the Reſolvend, all but the Unit's Place, 
and with this Reſtriction too, that when the Q 
tient Figure (or this laſt Fi igure of the Root) is 
annexed. to the aforeſaid Diviſor, and the 64 eo 
multiplied! by the faid annexed Figure, tlie Pro- 
duct Wal not exceed the Reſolvend; but ſhall ei- 
a ther be equal thereto, or the next lefs, this Pro- 
duct being taken from the Refoſvend, to the Re- 
minder, let another Period be annexed, which 
Will then fortn a ſecond Refolyend:* n af 8 
Double the” two ' Figures” oF. the Root, which | 
place (as before) for a Diviſgr 2 55 ſecond: Refol- 
1250 find How often this Divifor is contained 
i the ſaid Refolvend, . the Unit's Place, 
till obſerving..." thar w when the Quotient Figure 
{which is the third Figure of the Root) is annexed 
to this laſt Diviſor, and the Whole muttiplied'by _ 
the Figure fo annexed, the Product muſt be equal, 
or the next leſs, to the Refulyend. TH 
By proceeding 1 in this Manner, Period after pe- 
1 5 till they are all brought down; and if there 
85 * Remainder after the Operation, the Num- 
ropoſed is a ſquare Number. 
af here ' ſhould fil? be a Remainder, Woh the 3 


rar 2 gry a ſurd Number, and * n 


= TD . of DO. II. 
1 no true Root; but any Degree of Exactneſs may 


be obtained, by annexing two Cyphers to WB 
OP Remainder, and proceeding as above. 


* EX AMI I... 


as 


Lit it be required to extract the Square Root of 
134689: Or, which is the ſame Thing, to find 
a Number (if poffible) which being mu tiplied by 
iclelt, . Product mall be equal to 1 4658. N 


84 4 * l 


ore 2 


1 


5 8 | 3 The given Number being poluted f in Uthe "IA 
Ws: ner as before taught, will ſtand thus, 134689, 
| which ſhews there will be three Fig res in the Root, 
tif it happens to be a perfect Square Number; 
C ford Number, « ere will however be three 


Fi in the incegral Part of the Root. _ | 
ar ben bei n 


| | * Is 
loſes in the 14 7 5 Ts Roots. agg) Fe 


what Number bei! 80 { 32-8 will be equal, or the 
next leſo, to at be eriod 13, which is readily 
Figure of the Root ; the 


d to be g. the 
op ich ( . 0 taken 1 leaves 
u; py 11 next Peri 70 it 
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4 1 ˖ TV 957 n 
1 2 1 { 
x os I +. £54 : 
43 _ i» 4 1 2112 
* * - 
» r 
LF 7 * : T4) 
4 a 1 6 
; +4 1 U 5 
„ pee i N : 2 i 
LE oo. Wet 5 ev oh ebay; | 
0 . 1 » x ” 1 'F 4 U 
—*— * * LE SIT Vf * * ' if 
— Sa * 4 4 „ i - 
13/1 "ets rr ! 


12 , 
es - 


| SxcT. u. G AUGING, 21 


Then place (6) the Double of the Root, as a 
Diviſor to this Reſolvend 446; and ſeek how of- 
ten 6 in 44, but in ſuch a Manner that the Quo- 
tient Figure (which will be the ſecond Figure of the 
Root) being annexed to the Diviſor (6) and the 
Whole multiplied by the Figure ſo annexed, the 
Product muſt be either equal, or the next leſs, to 
the Reſolvend 446: Now, in the preſent Example, 
the ſecond Figure of the Root is found to be 6, and 
therefore the Diviſor is 66, which being multipli- 


ed by 6, and the Product (396) taken from the 
Reſolvend (446 leaves 30; to which join the next 


* 1 
# % 
[ Ty 81 : 
od od 
. * 
. 65 
11 


* 


Period (89) and it makes 3089, for a ſecond Re- 
ſolvend; and the Operation will ſtand as follows. 
134689(36 * 
n 
2 £97 © 35M 5089 Reſolvend. 
MUIR Ty aa ie. 2 
| vo 


# 
p * — 
, ; 
6 
. LE 


- 1 k 


My N 


z | 8 8 891 ar 
ble. the Figures (36) of the Root, which 
e as a Diviſor to this laſt Reſolvend ; then find 


how often 72 (the Double of 36) is contained in 


508, and with the ſame Reſtriction 28 before; 


1 ee when the new Quotient Figure (which will 
NOW U 


the third Figure of the Root) is annexed te 


(72) the Diviſor, and the Whole multiplied by the 
Figure ſo annexed, the Product hall not exceed che 


Reſolvend, but ſhall be either equal thereto, or 


the next leſs: Now here it is eaſy tu pereeiue that 7 


is the next Figure of the Rove (for 7 times 72 ts 


% ) 6 - e * - 7 | - 
og) ; therefore annex 7 to the Diviſor, and mul. 
y 4 P i "<< * i | ? : | 4 
iply che Whole (725) by 7, the "Product will 
* Ta . 4 8 wet at 13% 7! 13 N A 
© IE. LOSS? vt: "4 . : FEES »w 5 4 7 . on * 231 = 1 7X 6 gx *% 

; * ; 4 4 e * Ne 4 ; 
. 4 0 y * ; : 5 
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be 5089, which being equal to the Refolyend, 


(and all the Periods' brought down) ſhews the pro-. 
ſed Number (134689) is 4 N We Num- 
2 See the whole Operation. : ts 


— 


| Seen che required? Rao. 
2 2 5 n 35 £723 Eo 


X ; - 
#1 $2. 4 * £2 4.4 114 br 4 » - 
ON 2 508 059 b 1 * 21 | 
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When Ge | given Number to be 3 is ei- 
ther a mixed Number, or a Decimal Fraction, 
the Method of Operation, will be 'the very ſame as 


x in the foregoing Example; only obſerving, that if 


the Decimals conſiſt of an odd Number ot Places, 


_ they muſt firſt be made an even Number, by an- 
nexing 1, 3, 5 or 7, Sc. Cyphers according to 
the Exactneſs required in the Root; which will al- 


ways conſiſt of as many Integral, and as many 
Decimal Places, as ther were Points reſpectively 


85 8 over the Integers, and Decimal:c Places 
rogethe 


errwich the Cyphers annexed) of the propos 
ted Number. 90 As 13 10 hp 921 L if 13 98 Ex- 


- off: yd boilg mares +: oy fail bor: nero ill 2H for) 


TT er n eee eee. BY Tak TRY 
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x EXA EAR PW 


What is the Square Root of 184.27 ; 

Firſt, let three Cyphers be annexed and i dotted. 
F directed, and the e will be as 
O10WS. | 


* 
* 
6 3 1 


184. 20000 13.57, &c. 

* TA 
5 2384 
269) 1820 
1325 


2707)19500 
18949 
551 Remainder. 


—_ at. „ * n a * * 


* 
* 4 


fiſts of two Places, the Number of Places in the Product cannot be more than 
FN; wiz, the Number of Places which would be produced, by multi- 

plying F Places by 100 z nor leſs than F ＋ 1, the N of Places whick 
would ariſe from F Places being multiplied by 10; which is the leaſt Mul- 


tipfier for any two integral Figures. 


By the very ſame Method of Reaſoning it that, if the Multiptier 
 confifls of three Places, the Number of A 


than F 3; the Number of Places (Figures and 2 produced, — 85 
multiplying F Places by 1000; nor can it be leſs than F o 2, the Number 
of Places which would ariſe by multiply F Places by 206 : Hence the Num- 
ber of Places, in the three aforeſaid Caſes, may either be F or F + 1, 
BELL eb e ee e according to the Largeneſs, or Small- 

3 Left- wh: oper ar thn . p. ron 


5 Now the greater Focker or Multiplicand) belng hare devoted by b, letthe 
leſſer Factor (or Multiple) be alle F;3 then it is evident, from the pre- 
ceding Method of Reaſoning, that the Number of Places in the Product an 
either be F , or Fo "— 1'3 conſequently when the Number of Places 
Ia each Factor is cual; that ie, when Ff (chich is the Caſe when any 

Number: is to e en 2 

1 gs 45 1 r IE : 2 ' 
„ 7 | 


& 4 — 


24 A Tararrsr of Sect. Il, 
| Here muſt be two Decimals pointed off in the 
Roat (becauſe there are two Points over the De- 
cimal Places) and alſo two integral N umbers, 
agreeable to the foregoing Obſervation. _ 

By annexing more Cyphers, and continuin 
Operation, we may approximate the Value o — 
Square Root of _ 2, to any aſſigned Degree 2 
| Exadtneſs. 


"Ex AMPLE Mc 
10 extract che Square Root of 8456). 


OrznATION. 


21 0 919 the evra Root, nearh. 


7810356 
181 


1829) 15570 0 
1᷑8646 


1109 


a o 
" 2 7 * $126. N . e 4 * 1 , 
, - * 0 x " . 1 
: . 2 : = « 4 / ; : 
8 1 4 8 4. — . > 2 Og 34 — 4 
_ e we”. » 46s”; * > amp LS | 4 . 23 * * : — * 7 * 
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the SquarecE F (% Number of Places will either be 2F, r z that 
i, if F (orf) = 2 (one; Figure) j the Number of Places in Fs (f4) wilt - | 
either be ee lagi oe. Ne, e e. (two Places) the Number 
of Places in N, will either be 3 or 4 (F et and if Fu y (ahave 
Places) 3 e ee Se ps Fo gigs . =3 0 ; 
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ExAmPLE 4. 
What is the Square Root of 2 ? 


OyEBRATI ON. 


$,00000008(1.4142, the Square Root 
|  fof 25 nearly: 


281(400 
281 


282 112 
11296 


| 28282)60400 1 1-4 
Aru fer ONO, Bos. 


* = 

O0 

* VO 
[ D 


3 * : — 1 "I OO 3 
* 


. N £ «4 a1; +» Kd 
* e, 
4 3 k p 4 


—— — I 


* r 


; Hy or Rot ll hve Places, grain whnibugpins tht Hick 
ſon of pointing the xſt, 3d, 5th-and 7th Place, Cc. beginning at the Unit's 
Place of any Number, N o be extracted. 
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e W Cort ia ny, 1 | 


43 


ys i fre the foregoing Lemme, | nay tans of Fire 


9 r F3 cannot exceed 3F, not 

be leſs than 3F — £; therefore the Nuthber of Neuste bf che Cube dens 

fingle Figure, cither will be, 1,2 or (F — 2, e F).; the Num- 

ber of Places, in the Cube of any, two. Fi ba” theta, 

n x or 3); and the Cube 1 will aba of 
. — 
pointing , „ 1oth Place, &c; ng 

y whoſe Cube Root is to be extractult 


ig n for 
Vale, Plc fan whole 


1 f 5 * 
17 f —4 R 
0 . 1 5 * 1 0 
E sECTION& 
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A TrxtzaTISE of Sect. III. 
s ECTION 1I. 
of the Cons RooT: 


Tt an the Cube Root of any given 8 is 
Wen ſame Thing as to find (if poſſible) a Number 
which "being multiplied by: itſelf; and the Produtt 
| away mulliplied again by the ſaid Number; the 
| laſt Product ſhall be equal to the Number given. 
For Inſtance, the Cube Root of 27 is evidently 
3.3 becauſe 3 multiplied by 3, and the Product (9) 
1 again by 3 gives 27: Alfo the Cube 
Root of 64. is 4, of 125 is 5) Sc. ſee e 
Table. 


aa 4 " Jl 44516 21 Fo | Ke: 
l $1271041125[216[34315121729| &c. 


f The Cube Roots of Numbers ite fimple, when 
they conſiſt of one Figure only; and compound, 
when tbey contain more than one: The firſt of 
theſe are eaſily learnt by Heart, from the preced- 
ing Table; but the latter requires a tedious Ope- 
ration]: To. effect which, obſerve the following - 
Directions. 
Make 4 Point over tie Unit's Place of 

| poſed: Number, and another over the aths and. fo 
on, over” Ich, Toh 2 Sc. and we | ſhall 
have as many Integral Figures in the Root, as 
_ there are. Points "PRES: deer the Siren whole 


Fd ambe CY ich, b. ed. mall be & 
= of de next leß, e | 
at che le: x this Number is he firſt 


| Ef Ro. e 555 . 
A, ow 4 5 * x 3 4 
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The Cube of this firſt Figure of the Root being 
taken from the firſt Period, and to the Remainder 
(if any) bring down the next Period, which will 
then form what is called the Ræſoluenl. 
Triple the Root, and alſo triple its Square, 
which being put down, ſo that the Unit's Place of 
the latter may ſtand under the Place of Tens of the 
former; the Sum of theſe Numbers is called a Di- 
viſor, by which the next Figure of the Root may 
be nearly eſtimated, as follows. BS 
Seek how often the Diviſor is contained in the 
Reſolvend, exclufive of the Unit's Place thereof, 
and with the following Reſtriction too; namely, 
that if the Cube of the Quotient Figure (which 
mult be the ſecond Figure of the Root) be placed 
under ow Reſolvend, — under . — and the 
Square of the Quotient Figure multiplied by the 
| une of the 2 Figure of the Root, and the 
Unit's Place of the Product, ſet under the Place 
of Tens of the aforeſaid Cube, and alſo this laſt 
Quotient Figure (or ſecond Figure of the Root) 
multiplied by the triple Square of the firſt Figure 


of the Root (found as above) and the Unit's Place oy 


of this Product ſet under the Place of Tens of the 
. laſt Product ; the Sum of theſe three Numbers 
| (which is called the Subtrabend) muſt be equal, 


or the next leſs, to the Reſolvend ; from which 5 


let the Subtrahend be taken, and to the Re- 


mainder (if any) bring down the next Period to 


form another Refolvend ; and proceed in the very 
fame Manner, as above, to find the Diviſor and the 
third Figure of the Root, and ſo on, Period after 
Period, till they are all brought down; ug then, 
if there happens to be no Remainder, the Number 
propoſed was a perfect cube Number :——But if 
the whole Number to be extracted, be not a per- 
_ fe& cube Number, or”: Cyphers muſt be annexed - 
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TazArisz of Ster. III. 
to the laſt Remainder for a new Reſolvend, and ſo , 
proceed as above; tñen as many Times as there are 
three Decimal Cyphers annexed to the 8 
ſo many Decimal Places will be in the Root. 
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5 3 7 the Reaſon 7 ing the to form the © 
Dovijor. and Subtrabend,. as, above. peo 72 bod Kh 75 8 


1 is plain, if the given. Number (3 [EG 9 5 
ointed according 0 che foregoing. „ 
te. vill be tus 
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6 The next leſs Cube Number to 3000 is 1000, 

whereof the Cube Root is 10; therefore 1000 (the. 

Cube of the Root 10) being taken from the firſt 
Period, there remains 2000; to which add the 
next Period (375) and we get 2375 for a Reſol- 

vend: See the following Operation at large. 


3375015 the required Root. . 
d 2375 Reſolvend. is OP ESE 
Hy 30 Triple of the Root 160. 
300 Triple Square of the Root 10, _ 
, AREIIE 8p; 
f | a enn f „ > 3h $3: | 
2x45 The Qibe of 32nd hat, 
1750 The Square of 5, by the triple Root 1o. 
1500 Triple Square of the Root (10) by 5. 


ff 575 Subrabend, to be taken from the k.. 
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the Root by 8. 
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Origen it would be alu e to 


explain the Nature and Properties, and to com- 
pute a Table of Logarithms; from whence the 


pPrineipal Lines thereon were conſtructed : But, 


a theſe Things might be deemed foreign to the 
I ſhall therefore content _ 


__— Subj 
2 ving the Method of conſtructing the Lines, 
ferwards of ing them to eee 

1 the Sale of the inquiſitive — 
I. ſhall ſhew, in the ' Notts. Aide the c 
fotmiey of the Opetativns.on'the Rule wich an 
Nature of 1 Wo he 

The Lines on this Inſttument, a B. 


7 N., „C, and two marked P, ate Lines of Numbers, 
| commonly calletl Gunter's Liurs, from their worthy 


SS 
Aſlronomy in reſbam College, don; who; ia 
- the: Year x wie firſt rhade the ITS 
ing Logarichms to Extenſion 3 and of perform 


with great. Facility, by Means of +a Pair of — 3 


| and thi ld Linen Numbers, the Buſineſs of 
ication, Diviſion, and, all Arichmetical «a 


3 the Rule; of Proportion was re- 


quired But the Uſe of Co x being found both | 
|  rroubleſawe and liable to the late ingeni⸗ 
_ous Tho: -Everard, Eſq, made a ve Fane ur 


. Improvethent/in the Application of the Lide of 
VR W n one Ln to ide by: ano- 


* 
5 
wad 7 


. 4 Tun Ari of * thre; W. 
ther, in the ſame Manner as the Inſtrument we are 
now ſpeaking, | 
The Method ” conſtrucking the Line of Num- 
| bers i is the very ſame, let the Radius, or . 
of the Line, be what it will 3 thoſe: Lines on the 
Sliding-Rule, marked A, B. N, and C, are adu- 
_ ated upon Half the Radius as thoſe marked 5. 
Let 2 Line, or Rule (equal to the whole Diſtance 
; ww intended Radius), bp upon which the Line of 
Numbers is to be graduated, be divided into 1000 
cqual Parts; then with your Compaſſes take, from 
this Line of equal Parts, the Numbers expreſſing 
| the Logarithms (to the firſt three Places Dk, 
4 2 the Characteriſtics) of 201, 102, 10g, 
104, Oc. progreſſrwelyj to 1000, and apply them 
ſuoceſſively from 1 (the Beginning of the Radios), 
and we ſhall thereby mark out all the Diviſions on 


ide ſingle Radius D:: But che toſt erpeditipus and 


_  exat Method of forming a Line of Number, is 


T : + s follows. e BR TOs 7 Web 
1 — OpenitheSeftor un the Diſtance ofthe two Braſs | 
Eos Pins, on the Line of Lines (marked L. L.) be e. 


qual to the Length of the intended Nadius ; place 1 


Ae kosrimhm et ubiek is e) ar the Beginning, of | 


-_- - . ances, or Numbers, an 

\- + firſt Places of Decimals) the 
1.02, 1.03, 1.04, Se. to 2 (if the 
dius Dh; or thoſe of t. 02 1.04%, 
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ide Line, towards the left Hand ; then; accord 
20 the Space between 1 and 2 is divided into 0 
dr 50 Parts (as in the ſingle Radius marked D, or 
_ - thoſe Radi marked A, B, Se.), take from the 
Settor, opened to the intended Radius / the-DiG 
ro-(a leaſt the . 
| hms of 1.01, 


. 106, 
e, to 2 1 3 of the Radi marked A, B, 
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plied from 1, along the Line D or A, will mark 


out all the Diviſtons between 1 and 2 on thoſe 
„ ß 
No the Diſtance of the Diviſions 2 and 3. in 


the ſingle Radius (marked D), is divided into 30 
Parts; but in thoſe Radii marked A, B, Sc. the 


ſaid Diftance is divided into 20 Parts; therefore, 


for the former, take from the Sector, opened for 


the ſingle Radius, the Logarithms of 2.02, 2.043 
2.06, 2.08, &c. to 3; and for the latter, take 
from the Sector, „ 0 for the double Radius, 
the Logarithms of 2.05, 2.1, 2.14, 2.2, 2.285 
Ec. to 3, and apply theſe Diſtances reſpectively 
from x, along the Lines D and A, and we ſhall 
thereby obtain all the Diviſions between 2 and 3 
Moreover, the Diſtance between 3 and 4, in each 

Radius on the Rule, is divided into 20 Parts 


therefore take from che Sector (opened to its pro- 


per Radius) the Logarithms of the Numbers 3.055 
I, 316, 3-2, 3:25, &c./to 4, and apply then 


(as before) from x, along either of the Lines D, As 


_ or B, and they will: point out. all the Diviſions be- 


| tween g and 4: By proceeding in this Manner, the 


Diviſions between 4, 53 5, 61 6, 75 7, 85 8:95 
and 9 and 10, may be eaſily marked out. 
The Eine marked E, conſiſting of three equal 


© Radii, is N in the very ſame Manner as 
or the Sector being opened to one- 


the above: 
third of the Extent of the ſingle Radius D; take 


off the Logarithms of 1.05, 1.1, 1.15, Ce. to 
2, and apply thofe Diſtances from 1, 10, or. 100, + 


in each Radivs, and they will mark out all the Di- 


viſions between 1 and 2, 16 and 2, and 100 and 
4: — Again, the Diſtance between 2 and 3 is 
divided inta 20 Parts; proceed therefore accord- 


| tn all che Ben between thoſe rvo'Numbars 3 
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| 2 8.65 Manner between 3. 43 45 53 and 5 
an 5 Co 
On'the Line marked M. D, are alſo placed Lines 
of Numbers, only they ſtand in an inverted Order, 
beg] nning at 2 1.3044; the laſt Diviſion on the 
t Hand will then repreſent. 213042: The Uſe 
Y this Line (MD), together with A and B (or N Js 
185 "wholly, confined to the Gauging, of Malt, in 
Veſſels in the Form of rectangular Paralidlopie: f 
'dons, at one Setting of the Rule; but the ſame 
Examples may be performed, with more Eaſe to 
4 Learner, by the Lines A and B only; or with 
the Lines D and C, after finding a geometrical 
mean Proportional between the Length and Breadth 
ok the Baſe. © | 
PR bs Lines of Segments marked S. 8. 100 8. L. 
ing Segment Standing and Segment Lying;) 
e u a Riding the Ullage is Call, oth" 
e of Liquor which a a Caſk wants of being 
I, or what Quantity is in it, if not quite full. 
Theſe Lines of . may be laid down in 
che following Manner. Take a Cafk whoſe Con- 
tent is 100 Ale (or Wine) Gallons, and the neareſt 
1 bt hr to thoſe which moſt frequently occur in 
actice; then ſuppoſe. the Bung Diameter or 
Leng (according to the Poſition of the Caſk) di- 
vided into 100 equal Parts, which muſt be laid 
down on the Slide marked N, in a logarithmic 
Manner, by the Method already preſcribed, 22 
32. | 
Draw out, and carefull ' meaſu ap ſucceſſively, 
the the Quads contained in the iſt, d, 
and sch, c, of thoſe. equal Vivilions of 2 ene 
Diameter (or 2 then place the 8 
contained in the 1ſt, in the 2 firſt, 3 firſt, 4 firſt, 


ts of thoſe equal. Diviſions exa#ly againſt the 


R Is 25 35 * An ſer, on 6 op 


1 


— a 


_ $rer. IV. GAUGING,  —-25 
Slide N; and fo, by proceeding in this Manner, 
wer ſhall obtain the true Quantity in ſach a Caſk 
to every hundredth Part of its Bung-Diameter, or. 
| Length. — And if either of theſe were ſuppoſed to. - 
be divided into any other Number, of equal Parts 
(beſides 10), and the Quantities. contained in the 
firſt, 2 firſt, 3 firſt, &c.. of thoſe equal Parts, be 
laced exactly oppoſite the Numbers, 1, 2, 3, 
28 reſpectively, on the Slide N; we ſhould there- 
by obtain a Table of Segments for a ſtanding, (or 
tying) Caſk ſimilar to the former. 


hence the Reaſon of finding what is called the 
Szpment, is very evident: For it is only conceiving 
he Bung Diameter (or Length) of that Caſk, 
from which the Lines of Segments were ſuppoſed 
to be cenſtructed, to be divided into as many equal 

Parts as there are Inches; &c.. in the Bung Diameter 
(or Length) of the Caſk, whoſe Ullage we are then 

king, and placing that Number againſt.z00 on 
the Segments; then oppoſite any propoſed Num- 
ber of wet Inches, Sc. (or equal Parts of the Bung 
2 8 7375 or Length) we ſhall have the Segment 


＋ ht. b RV a e v3.7 21 
3 On various Parts of the Rule are ſeveral. te- 
markable Points; ſome of which n e 
with Braſs Pins and Letters, others with only ſmal 
Dots and Letters. „ 
Thus, on the Line A there is marked MB, 
with a Braſs Pin, at 210.42, the cubic Inches in 
a Malt Buſhel; © alſo on the ſame Line is fixed a 
Braſs Pin, with the Letter K at 282, the cubic In- 
ches in the Ale Gallon. \ E * A 
On the. Line B is a ſmall Dot marked at 50%, 
And Wo the Letters S. 1. which. ſignify Square In- 
 feribed; "uſeful in finding the Side of Adee | 
Wferibed in in Aren Cece: At $26 5 fnal 
Dot, and likewiſe the Letters S. c. which denote 
iin . N #7 F 2 | . Square 


. 
- 


58 


„ 4 Ry 1. 2 
| Square 1 uſeful in finding the Side of a Square, 


. whole ſhall be equal to that of any; 44 : 
cle: At 3.3416 is Amel Dot W 35 
fying Circumfertnce, neceſſary for finding the 4 
cumference of a Circle to an Tale, Diameter. 
On che Line D os; [thr Gauge-points, 
e by Brath Pins and Letters: Viz. 
with a Braſs Pin, js placed at 17.1 Jong | 
te Fine e Circkes z_aod A 
Ne ons þ ng the Ale Gauge · point 
c 17 Arp the Letters. MS, 
which 890 A Fog ing the Malt Gauge 
point for Square Meaſure ; _ 3 52.32 ſtand | 'R, ; 
| which denote Malt Round, being the Malt Gauge. 
| t for circular Meaſure; Alla, e t 6.22; ſtand 
Tb which ſign ify Tallow Pounds the heat 
DS REY oy Gwen on ago g "ng 8 f 
5 7055 4255 Ne there, is a ſmall. Pot, with the. 
„ 2 . marked at .07957, wich is the Aren 
I of A. tele 1 


5 whoſe Circum 16548 is Unity; uſefu 
in 8 the Ates in Inches, Feet, c. of any 
Ircle whoſe Circumference is known: On the 
Line is marked 0.4. at . 7854, the Area ofa 
Circle whoſe Diameter is 25 Rag lh is uſeful in 
1116 an; the Area in Inches, c, of f * e 
* le Diameter is given. - 1 9 5 


hs Ahe of. fimating . Fakes 95 
| e e and 2 


rr Valye-is aſſign) wha he e by as - 
left Hand, (whether Ty - 9. 
200 5 ines W A, B, N. 
ang gry Nombe 


pn LD 
e 


much; 


of thoſe into 5 Parts; 
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much; and conſequently the ſecond 1 (if a double 
Radius) will be 10 times the Value of the firſt; 
and the third 1 (if a triple Radius) will be 100 
times the Value of the firſt, or 10 times the Va- 
Jue of the ſecond 1. The Values of the integral 
Diviſions being thus eſtimated, thoſe of 'the in- 
termediate Diviſions may be eaſily known; 
always the Quotient expreſſed by be Valve of the 
Difference of two adjoining integral Numbers, di- 
_ vided by the Number of Parts contained between 
them. 
Thus, for Example, if the firſt I, at the End - 
| of the Line A (B or N),. ſtands for one, the fol- 
lowing 2 for two, c. then the Number of Divi- 


ſions between 1 and 2 being 50, and the Value of 


the Difference of thoſs integral Diviſions. is 1 ; 
therefore the Value of one of the r LEY 

| vilapa is is th; conſequently the Values of the, 1ſt, 
2d, 3d, 4th, 5th, Sc. Diviſions from I, Vo 


5 1 0 17 tos Irs, 12 i 


Again, the Space between the ſecond „ 


(which N er urs gs. according to the laſt Eftimation, 
repreſent 10 and 20) ig alſo divided into 50 Parts; 
that is, firſt into 10 Jay Diviſions, and t each 
the Difference of. 5 
tegral Numbers ng 20) 3 cereorthe | 

Value of ane large Diviſion es LOR 2” 
10 divided by 10), and. the. 1 one wall 
Diviſion is 48 pet T3 ſnort the Values Aae 

iſt, ad, ch th, c. Diviſions from 10, 
will vol (Cale) Pa Pro dandy 10 40% 
105, 11, Moreover, if the ſaid integral 
Numbers 1 pot 2, denote 100 and 200; _— the 


Value of one of the (wen) large Diviſions win be: 


_ * expreſſed by 19,..05.,4%%3..and r eee 
| the (fifry)/{mall Diviſions will be 


WO thera he Vos of tl, 4, . 
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7 Talarisk ih Szer. IV; 
Ak, c. Diviſions from 100, will be repreſented 
dy 102, 104, 106, 108, .. — By the very ſame 
Method of proceeding; the Values of the inter- 
© mediate Diviſions, between any two adjoining in- 
50 N . bs Wend. 0 


[4 


1233 35 FRY 0 A and B, on . 


dle ' Shding-Rule. heaping 
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e f „ 22425}; 
Te nd the "Produd of two given Numbers, 2 he 
KO BAL 43 26 5 


£2 - wh 1 4 1 
I ts nds ana Mord 


E 0 


"To ihe of FO given Nulittehs e a nan on 


A; 1 on B; then 1 ridge on B, is 
_ the © non irons de Ke folk rr ns ai 


_ +3 TR 0000 9 
$569: EATING 6 e I e roi tal i: !; 


131 vt 2 ** 22 Tor, 


Weesen 3 by e be Sliding. 


n 8 (or g) on B, ig 2% on A.. Pa 
Fx en be proper to obſerve, that it will Segen 
pen, When 1 'on B is ſet to eicher of che given 
N the other cannot (according to t 
. Nutherdtion of the Rule) be expre ſſed on the 
Lie By by „bein 


_ 96 Fl; | 


S913 i IV OO? * * ets 


_— Bodo is. 14 4 * ” | 
wi e . 28 "53+ 2 . er 8 4 lf” Fug ebe wy 


FIST „ Ser 


Logarithms. and 8; 
Log . Al esd 
* Sum of the Diſtances, 1 to g on A, 
N 1 r e * 


found thereon, 6-1 fy Pere i 


Agger on Ab ira : 
the a and 3 to B o 


D Setix-on-B;-0to'3 (er B) on the Line A; tben 
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Fall beyond the Line A; in. ſuch Circumſtances it 
vill be moſt convenient, after ſetting Unity on B 
to one of the given Factors on A, to divide the 


other by ſome Power of 10 % (viz. 10, 100, 


1000, Cc.) till the Quotient can be found oppo- 

ſite ſome Diviſion (or Product) on A; then that 

Product, thus ariſing, muſt be multiplied by the 
very ſame Power of 10 as the given Factor was di- 
vided by. One roars will FORE this Obſerva- 
tion ſufficiently plain. 


EXAMPLE 2. 


To find, by the Sliding-Rule, the Produ of 
120 by 95. 

Firſt, if 1 an Ba fer to 120 on A, tles will che 
_ other F actor (95) fall beyond the Line A: Again, 
if 1 on B is ſet to 95 on A, then the other Factor 
(120) cannot be found on B; becauſe the greateſt 
Number (in a double Radius) cannot exeeed 100g 

when the firſt Radius begins with Unity. 

But by ſetting 1 on B to either of the given Fac- 
tors on A; then, againſt the other Factor divided 
by 10, (which in this Caſe is ſufficient,) we, ſhall 
| Have roth Part of the Product ſought; Thus, fer 
1 onB to 120 on A, and againſt 9.5 on B, is 8 
on A, which, being W by 10, * I MS 
the _ Product. 3 

Fs 1 


r * — 6 * 2 r 


2s 3.23 - af "2 


2» ot = 


7 ö b 3 * 


— pattie de. tied Hand Ge tte of Ab and 
any Power of 10 be denoted by 2: Thea we ſhall have 


ren, „ 


2 # pps oy woe — 


2 22272 ak 
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5 is 25 0n the Line 


5 m— | 4 "TaraTrer of Sir. Iv. 
- to obſerve, that whether one 
ofthe RN . be ſet to Unity on the Line 
A or the Line B, the other given Number (or Fac- 


tor) muſt be found on the ſame Line where 1 (or , 
Unity) was taken.” ; ” 


ob the Ling & ad B, . 
| N 8 = 


21 ov. II. 
1 re une fo ee None, ap 


K * * 


Ten Diniforon Aſs x on Bs 5 5 
eden Abd Quoden on Þ. bet 2 ro 
5 >» EAA . Bd 
Leibe Dividend be 75, and the Divifor 53 te- 
| quired the Quotie 
Set 1 on 4350 and againſt 19 on 4, 
the Quotient ſought. Þ 
It will ſometimes happen, that when 1 on B is 
fer to the Diviſor on A, the Dividend cannot (ac- 
cording to the true Numeration of the Rule) be 


„„ 
A — 
* 


n IT Ot He PWR ann nn MP YT TI "IT 2 2 8 EX 24.5144 "TA. 
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| . Fiz oppoſite 5 bit A, 
| SIE 1 22 


D „ the Difference of tl er e 10 5 A | 
R Log, of 15 en By a EN 67 OA 


Scr. IV. AUA G. 5 
found on the Line A; therefore, in this Caſe |}; it 

will be neceffary to divide the given Dividend by 
ſuch a Power of 10, as will bring the Quotient 
thereof upon the Line A; then. againſt this Quo- 
tient (viz. of the Dividend, divided by 10, 100, 
1000, Sc.) is a Number on B, which being mul 

tiplied by the fame Power of 10 as the given Di- 
vidend was divided by, we . then 9 one. the 
: true e e | 


EX n 2. 


Wy 


mg is the Quotient of 383 divided 957 7 7 
on A, ſet 1 on B; then a8 385 cannot be 
eg on A, becauſe the ſecond Radius, in this 
| el ends with 100; therefore let 105 1 umber be 
divided hy 10 [and "oppoſite 38: 5 (the Quotient) 
on A, 70 75 5 on N h being multiplied 2 
10 gives 55. the bens ſought. 

It is to be obſerved here, thar (whethet the Di- 
viſor” on A is ſet to 1 on B, gr the Diviſor on Bis 
fet to 1 on A) the Quotient muſt always be found 
bn the ſame Line where 1 Was taken, and the Di- 

3 viſor and Dividend 2 the other.” as 5 


=, Obe Example in the Rule of Three will be TY 
cient; ſince the Method of Operatio 1 
ding-Rule, is very nearly the ſame as in ul 
cation: The only Difference is, that in f 
ſetting 1 on B, to 2 of the given Factors on A, 
we yo 6, che firſt t of = three given 2 1 


r * 7 
* ER wt * 3 4 ER — ** 
« * - 3 
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Sr; F . of 10 be denoted by 04 ben 2 
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B, to either the 2d or 3d given Number (or Term) 
on A; then againſt the other Number on Ro 1 

the 4 h or wa wn on A. : 


. 1 


1 4 Yards of Cloth coſt 14 Shillings, what will 
28 Yards coſt, at the ſame Rate? 

Set 4 on B, to 14 on A; then oppoſite 28 on 
5 is 98 on A, the Anſwer ſought F. — Or, ſet 4 

on B to 28 on A; then againſt 14 on B, is 98 on 
A, (or 40. 185.) the ſame as before. 
If it ſhould. ſo happen, when the firſt Term (or 
Number) on B, is {et to the ſecond or third Number 
on A, that the other Number on B falls beyond the 
Stock, or the Line A; then, in ſuch Circumſtance, 
let that Number, which ſo falls off the Rule, be 
multiplied, or divided (according as it falls off 
em the left or right Hand) by ſome Power 
of 10; 3 and, ainſt the Product, or Quotient, on 
B, is a fourth Number on A, which being divided 
or multiplied | by | the ſame. Power of 10 as the 
forementioned Number was multiplied or divided 
by ; the Quotient, or Product, will be the 4th 
| Nuns or Aer ola cole 
VVV Note. 


Ne 18 en * * F "I 


8 By drawingout the Slide "Hill 4 an B God ons 14 on A. 238 
obtain, on the Line A, the Ditftance x to 14, Plus the Diſtance from * 
to 28, minus the Diftance of, x and 4 (on B); but theſe Diftanees are reſ- 


peRtively as the Logarithms of 13, 28, and 45 * 19 14 Flos. 5 
eu L n, 1 on A. 


Numbers be repreſented. 
Eee 10 be denoted > 


22 e 0 ee 7 m · . 
„e eg * 


m, , , and yz alſo 
we have u * ir 


* 
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| Note. It makes no Difference whether the firſt 
Number be taken on the Line A or B; only ob- 
ſerve, that the 4th Number, or Auer, muſt be 
found on the contrary Line to that, whereon the 
firſt Number was taken. — But, in finding the 
Areas of plane Figures in Ale Gallons, Malt 
Buſhels, Sc. (as will be ſhewn farther on,) it will 
be found moſt convenient to take the firſt Num- 
ber, viz. 282, 2150, on the Line A, as there 
are Erncrally braſs Pins fixed at thoſe Numbers. 


7 extrat? the Square Rau, by the . 
M Meh ding -Rule.” 


Set 10 on C-to 10 on (che Stock) D; then a- 
ainſt any propoſed Number on C, is its Square 
ot on D. 
It will be proper to obſerve here, that if the 
Number, whoſe. Square Root is required, conſiſts 
of an odd Number of integral Places, its Square 
Root will be found, oppoſite the firſt Radius on the 
Line : But if there be an even Number of Places, 
in the Number whoſe Square Root is ſought, then 
will that Root fall againſt the ſecond Radius on the | 
h Line C.“ 1 | 
1 x ExAMPLE. 


J * 4 + PE 1 *'y 
. . 4 * 2 hy 4 — ry ng 9 - 
. 2 0 #4 $43.5 if — 


— . _ 


* 0 5 « ” 4 ** 8 , # , z 


| Moreover, 210 n 5 * 10's :r7X =, * dle. 
dee conſequently w == my, Q. F. I. 0 WES BEANS. 


| „ The:1 at the Bndof the Line D. may 10s 100, 1000, = 
Ge. cheeſe the del © rot thrt, m moſt . by d. Cra 


the Lines, Gai either 1 (12), 100 To.) 10000 (100 Se. and 
CT Ce F air ws | 


3 - 
4 — 


ww 


44, a TFazarisE F Szet. IV; 
ExanyLz. 


- What 3 is the Square Root of 13376 fc | 

Let the Rule be ſet as above directed; then | it ig | 
evident the firſt 1 on C will repreſent 10000, and 
the 1 on D (oppoſite thereto) is its Root, which now 
repreſents 100; likewiſe 5000 will be repreſented 
by 5 of the large Diviſions on C, and 376 will ve⸗ 
ry nearly be repreſented by 2 of the imall Divi: 
ſions; then againſt this Point on C, we have 124 
on * Line D; he 3 e 5 


5 T extral? the Cube Root U the ale 


N Lo 
9 + ö 


; , 


\ 


Set 10 on ap Slide) D, to 1000 on E; es 

a gainſt any propoſed Number on E, is its Cube 
ot on 

It will ufo be prop r to obſerve here, that if thi 

Number, whoſe Cube Root is ſought, conſiſts 


either 1, 4, 7, 10, Cc. integral Places, its Cube 


4 5 55 will be obtained oppoſite the firſt Radius on 
and if the Number contains either 2, 5, 8, 11, 

8 &c. Pl Places, its Cube Root will be found oppolite 
the ſecond Radius on E; but the Cube Root of a 
Number, conſiſting of. either 3, 6, 9, 12, e. 


rage * be . -oppaſge- the third Radius op 


* ” 
, 8 W Ex MPLE . 
b * 1 ö 4 4 ; * 5 FL 4 X F % ; a 
„ * 1 * P S * 4 * * # 0 9 i = 
* . > N 


* The'3 0a (the We) D, DS — — 7000, Ge. 
and therefore. the firſt 1 on E, will repreſent either 2 % 1000 (203), 
000080 (N Ge. thaveleos the hee. ue e f ef begin 


either 10, 20000, 10000000, Cc. and conſequently the „ 
N 100, 100080, 100000000, &c, RED, 


| Sgor. IV, GAUGING, "Iz 
7 pe | ExaneLE. 1 
What is the Cube Root of 3375 ? 


* 0 


B Set the Line D (on the Slide) exactly even with 
the Line E; then, againſt 3375 on the firſt Ra- 
dius on E, N the preceding Obſerva- 

tion, we have 15 on D, the required Root. 
The Lines C and D are likewiſe very uſeful in 
finding. a geometrical mean Proportion berween 
any two given Numbers; alſo in finding, from 
any three given Numbers, a fourth, which ſhall ' 
be to the third, as the Square of the ſecond is to 
the Square of the firſt Number; and therefore 
theſe Lines are applicable to the finding the Areas 
of Circles, (which are as the Squares of their Dia- 
meters) and the Contents of ſuch Solids, where- 
of the Square of one Dimenſion, being multiplied 
into another Dimenſion, © 'ſhall expreſs either the 
whole Content, (as in an upright ſquare Priſm) 
or ſome Multiple of it, as a Cylinder, Cone, Sphere 
and Spheroid;, and conſequently, theſe Lines may Y 
be applied in finding the correſponding Dimenſions 5.0 
of ſimilar Surfaces | 1 ; | 
The Lines D and E are neceſſary in finding 


* 
from any three given Numbers, a fourth Number, 5 
which ſhall be to the third, as the Cube of te 
ſecond is to the Cube of the firſt; and conſe- 4 
quently of determining the Contents of fimilar 

_ Solids, which are in the dire& Proportion of the 
Cubes of their correſponding Dimenſions; and 
likewiſe, on the contrary, of finding the correſ- 
ponding Dimenſions of ſimilar Solids. © 
. c EEE 
T0 find a geometrical mean Propertion betzneen tauo 
. given Numbers; or, which is the ſawe Thing, 11 


nnr Mete 
the Square Root dk the Produc? . any two given 

Numbers. 

: "AF ps. |; g 
<< one of 1 given Numbers on C, to the like 


Number on D; then againſt the other given Num- 


ber on C is the geometrical | mean Proportion 
"BI on D. __— TT fog © 


. 


1 eg 


N 


EXAMPLE. 


- What is the gromerrical mean Pb wre 25 
ween 4 def 8 
Set 4 on C, to 4 on D; then 2357 9 on 0 is 
6 00 D, the Anſwer 7 * 


xt 


P * 0 r. . 7 
— to any three given 8 a ES 
| Number, which ſpall be to the third, as the ER 
7 tbe Hy is to be Square of the . 


N. 


\ 


4 - > 
C * * 


'To * firſt Number (or Root). on D, ſet "I | 


4 ird on C; then Fourth the ſecond Number (or 
Root) on D, is the * Number — on C. 


1 


3 a 1 5 
. | \ExaupL. 
12 2 7 | 455 ; 
La 8 | 


. —_ » 7 8 4 


29 9 * * „ 2 — 
* „ 


1 By ee Gt ads hk ctr Forts 1to 
2 the Lim Dy and alfo-from 1 to 9 on the Line C; the former being + 
te Diftance of 1 to 4 on D, abd the latter (being on the double Radius) is 
the lame an 10 3, meaſured on the LineD ; dut theſe Diſtances are reſpec- 
F therefore e 3 8 8 
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ENA i 


| "Sora the given Namben were 3, 95 and 12, 
and that it was required to find a fourth N ſumber, 
which ſhall be in the ſame Proportion to 12, as the 
| Square of 9 is to the Square of 35 that is, as 81 
to 

: 1 on D, ſet 12 . then againlt, 3 on D, 
is 108 on C. the Anfver TIES eg e, 


l 
EAA 2. 


1. 3 Feet, of eylindricet: dried Ole: nba cb. 6 
cumference is 32 Inches, weigh 80 Ib. what will 3 
Feet of the ſame Sort of Oak weigh, when the 
Circumftrence is 22 Inches ?; / + 

The Altitudes of the two Cylinders being ua 
to each other, therefore their Solijdities, - and conſe- 
quently their Weights, | muſt be to each other as 
the Areas of their Baſes, which are as the Squares 
of their Diameters, or Circumferences. 

To 32 on D, ſet 80 lb. on C; and againſt 22 

on D is 37.8 1b. on C, the Weight fought. ' - 
If it ſhould happen that, when the third Num- 
ber on C is ſet to the firſt Number on D, (according 
to the foregoing Rule) the ſecond Number on 3 i 
falls beyond the Slide, or Line C; then, in ſuch 


Caſe, we need 2 multiply, or divide (accord- e 


ing as it falls off the Rule towards the left or ri 
Hand) the ſaid ſecond Number (or Root) by ſuch a 
Number, that the Product (or Quotient) thereof 
may be found on D, oppoſite ſome Number on C. 
which Number bein No divided, or multiplied, by 
the. Square of that My LY which The ſecond | 


"wan. 5 


. rl bivk 7 a 
vas multiplied, or divided; the 3 ot Pro- 
duct, will be the Anfwer fought 

Suppoſe, in the firſt of the two precedin Exam- 
ples, the ſcrond Number kr 15, mY other 
two the ſache as before. —- 17 D, ſet 12 on 

C5. e (the Half bf 15) 1 is 

7, 35 ich being thuſtiplied by cl ie Squire 

300, 1 Anſwer ſought. 

in wah Caſes, be mot & Kertent to 

ff BY or divide, e fecond aer 10, and 

then find (as above directed) the Number on C, 

oppoſite that Progluct, or Qvotient; which Num- 


o 100% givesithe Aoſwen ſougbt. 
The above Method renders the Buflneſs of find< 
ing what are called arm Gange. point 285 anne 
8 ar as {hall ber ON. ON” 


7 * 2 
4 Sa v4.5 A * 2 N R 5 N J 5 * 111 


9 * 
Al re # i * * 


; Sip 2 1 
: * * 10 1 421 'p 4 0 e 5 . hi 


— 1924 F cp * 


© hy Ne 1 being given to fad's fourth,” [# 
| that the Square there: 24 be to the . 1 * 
third, as (od e pw i to the 3 


N ” 
4 9 7 5 
7 J 1 


Rin, 


Sal Ai Maa} r 45 15 ow a he Wün- 
, | ber ſoughtby ©; und alf let | tbar by which 5 ſecond Number is either 
8 iets. berge by 4s Then, (dhe Prop, ). m7 1 0+ - 


| axe ex nr: 2. a eee 


BST 


| 3 eee — 


| (Vent then only be the 4 Part of that, when the ſecond Nomber' 
' wy a NEIL eee ur the fourth Nut- 
85 der, or Anſwer ſought, will then become d. times ther; hen che r 
3 E. I. FE 


3.4 © * mY 0 


% 
„ 


ber being divided, ot multiplied by 100 (the Square 8 
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Z | . Re. 


To the 3 (or Root) on D, ſet a 
Aft Number on C; then againſt the ſecond on C., 


8 ae W Number (or e w_ , 


\ 
£4.24 


2 * 51. 


rt de EXA IA 160 


1 Side of A Triangle, whoſe 1 p 5 
n be 40 Inches; what will be the corre(- 
ponding Side, of another ſimilar T riangle, 55 Area 
of wWhich is to be 60 Gallons. 

N the three given Numbers are 15, 60, 40d 
40: Therefore, gecordivg, to, the 9 Rule, to 
40 on D 15 on C, and againſt 66 on 51 80 

on D, the required Side. 3; 
Uh. If, when the Rule 18 et as above, the ſecond 
9 8 Number on C falls off the Line D; then let the 


third Number be multiplied, or: divided, (according 


as the ſecood Number on C falls off towards the 
leſt or right, Hand,) by FOOL a Number, ſo that, 
- if to the Product, or e thereof, the firſt 
Number on C be ſet, the ſecond Number on C 
may fall oppoſite ſome N umber on D; which be- 


| = or multiplied, by that Number wick 
i | 


ich che third was multiplied, or divided; the 
N or — vill be abe _— fought* 


K ExxAMPI E 


— 


i o 
ITS 8 N RN 
X ” * % 


pony Tiny ny af yin, Thos yo tans | 


n u he.) * 1 3,04 1.9, hot, 2.0/2 * TXES * =; 


* likewiſe, nm nN. N $101 is. evident, that, when the 
third Number ls only = (inflead of 1) the fund Namber Cen will be. only 


che Ah Part of that when the third Nomber is f 2 Moreover, whewthe third. 8 
Number (r) is dx t, the fourth Namber n de d e 


EY when the third Number is on QUE 


. 4 47182 „ Ser. W. 


HM 3 EAA AA 2. 


5 + Hoe the three given Numbers. be 115, 90, = 
7 "= requiged to find a fourth Number, ſo that the 
Saquare chereof ſhall be to the Square of 60, as * 
n 
; 1I0 60 on D., er {according to the preceding 
Rule) 15 on C; then 90 on C, manifeſtly, falls Ke 
_—---: wr the Line D. Bur, if to 15 {x of 60, the third 
b 8 umber) on D, be ſet 15 on C; then oppoſite 90 
on C, we have 36. „ {very nearly). on the Line D; 
which being multiplied by 4 gives 147, the required 
Number, nearly. — For 15 is to 90, as 3600 (the 
"Square of a LE os e N ro a 299) 
— nearly.” 5 | Se 


—_- : . * 0 : 

_— ” { as 4 . 2 £ y 
< £2 EA 

v . * 4 - A 

. 1 „ 

- * * Fa. — 1 


1 5 e pg oP. vi. 9 85 1 4 FIR 
1 15s thats re 8 Numbers given, to fads 
1 gau, wbich ſhall be to the third, as the were 
e en theClbeof the 4 l. 


q 894 
1 0 1 PF 77 | 44 
1 : S = N „ N fig " f Lo 
6 VVV n * L 2. 8 F N 

A ub 4 + . . . 5; on \ 
1 ann 


1 SY 8 the firſt given. Number (or Rood). on the. 
ED Se b, to the third Number on E; then oppo- 
ne che ſecond Number =_ wen on D, is 
1 ener eg g 8 


N 11 . 3 Xe E X M 5 L *. e a 
* 2 N 
we A 5 ' 


: ; | . hk 
* — * * : 


11 * given Numbers ITY 35 6. and 16 55 1 
: it is required to find a fourth Number, which ſhall” | 
de to 18 4 ee eee 
"22476. Res: e NA wigs * A 


— 4 1 . 
k 45 I 5 d s { * 
0 ; 4 ey 
8 — £ 4 — 
> * * t 4 ! P 
4 iba * - _ 
* * N * 
f 3 , =. OS 1 he 
* — * * . 
% : \ 1 
5 1 Nu ö . 7 $ * . Q 

A — * o 7 

25 8 Say 25 = 2 * . 

— 2 " pv * — £ * 

874 2 ſn 4 * f 

. * " 7 þ | 7 s * 
228 A > * 
"x bv % 2 ok 8 2 4 + \ 

2 88 2 

E % 5 3 2 K. 7 1 2 4 2 5 
— * 2 2 a * % 8 
9 FY * f © 1 


'Ser g on the Slide D, witoE, then a 
'60n D, is 144 on E, W Number ee ; 


. 23 Ws R 0 Pu VII. 4 5 L 


0 f W Numbers, to fund a raked; . 
Cube whereof wf ſal be to the Cube of he third, a the 
. e js to the nt. 


* 4 

- n 4 - 
Þ 4 * » 7 1 
i 0 * 9 


5 | : Ruiz. 


Set ch third Number (or Root) 0 on the Slide D. 
| to the firſt Number on E; then oppoſite the ſecond, 
on u E, ** er ee e . on ay 1245871 


— 


i 
! 
| 
NJ 
1 
| 
* 
+ 
| 
t 


99 Ss 


1 * 
E 2 . 
4 & 4 ** 1 [4 I 


—_ 


3 F cufturn of a "TE, Rl are 
5 given the De Diameter 40, the top Diameter 
25; and the Altitude 30 Inches; it is required to 
find the Dimenſions. of another ſimilar ruitum, 
(—c8ẽxhat is, the-Diameters and Altitude to remain in 
the above Proggyeon to one another,) whoſe Con- 
tent ſhall exceed the former 50 Wine Gallons. 
Ik! be Content of the given Pa (by the Me- 
thods given farther on) is 109.6 Wine Gallons; 
Bj therefore the Content of the required ſimilar 
* - 5 % >” 2e B Faun 


Ml =, . . 1 


—— ——_— 
" 


7 * 


'® It is evident, that, by n e an Dm 18 on E, we Ball obtain the 
Sum of the Diſtances 1 to 18 on E, and 10 6 en the Lina D; which laſt 
n 3 times the Diſtance from x to 6 on E; but by moving the Slide 

wards the left k Hand) till on D is oppoſite 28 on E, we thivels diminiſh 


Sum of the two ſaid fions by the Diſtance of x to 40nD (anſwering 
to 3 times Diſtance from 1 to 4 on E), and moreover ; che Dibunce from | 
x to 28 on E, ples 3 times the Di ance from 1 to 6 on „ minus 3 1 et 
Diſtance from x to 4 on E: But, by the Conſtructio n of the the Lines, mess 
Diſtances are ref] 4 T1, ke n 3 * Log. 


08 33 
whence, by the Property of been, the Log. 18 1 2 | 
ITS 5 2 pi. 
i „e 56 N | | 
GI 8 5 J 15 : 
. i 8 
JM % a h . 4 
3 1 8 * a 
12 i *o Ir bs OE I 2 1 


4 . 11 


„ n 55 


„„ Iii F Sree IV. 
Fruſtum will be 159.6 Wine Gallons: — Then, by 


the preceding Propeftion, the three given Numbers 


ſtand thus: 


' 109.6, 159. 6, 40, to find the bottom Diameter. 


109. 6, 1 59.6, 26, do find the top Diameter. 5 


BE 2 109.6, 159.6, 30, to find the Altitude. 


t 40 on the Slide D, to 109.6 on E; YE | 


againſt 159.6 on E is 45.3 on P, nearly : — Set 
25 on D, to 109.6 on E; then oppoſite 159.6 on 
E is 28:4 on D, nearly: — Laſtly, ſer 30 on D, 
to 109.6 on E; then againſt 159. e e 034 . 


on D, nearly. 
Hence the e Dimenſions are 45:2, the 


| bottom Diameter; 28. 4 the top Diamecer ; * and 


34 Inches the eren nearly. 
It may be proper to take Notice, that hat os 1 


been ae ady ald (Py 0p: 4.) with Reſpect to the ſe- 
_ cond Notnler falli ye the Line C, holds equally 


with Regard to the Lines D and E; only 
re, here, to multiply, or divide,” by the Cubes 


(inſtead of the Square) of that Number = 85 which * 
e was N or CO . 5 


* a 7; 1 S 4 
” * 1 | 
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* Kere, 8 dae, 25 5 
Solids, Bats 8 


— 


4 
* 


D S 0 


25 are called Points, 


Therefore FF 


2 A Mathematical Point bs: no Parts. 
3. A Right-line (or Straight= © 


line) is that which lies perfect- A 2 — — 3 


ly even between its . . 

or Limits, as AB: | 
4. A curved Line is that 

which, in every Part there- 4 — eu 

of, lies unevenly between . 

, its Extremes, or Bounds, * 

as ab. > 


F * 4 
. 'F 
* 1 4 45. 
; ”» 
: ; 


Which is formed by the Inclina- 
tion of two Right-lines, meet- 
og each 55 in a . 


3 A 7 ? 775 * | F . 
44 * * * 
; ; bas , 
: ' * 
# L LIES & | * Ah 
a2 i 4 
1 } 
har + * * 
- , 
5 
j , 
” , 7 14 
j oy Coke % =, 
: f & FM * * 
M | Lb ” * els ; oY * 
PET - * 2 


ee, e e 5 
the Extremes, Wi or Lane of _ 


5. A right-lined able is has FI: 2 85 


25 


| 7 rightlned Angles. — 1. 
ſtandds any-where upon ano- 


more towards dne End than C 


5 Py & 47 4 162 of - ster. 1. 


6. . 


hen one Right-line AB, 
ther CD, fo as to incline no 


| the other, making the Angles on = bo = Sides Ab 


: = 


* 


L, or. equidiſtant, when. _ 


there ſpecified, 


equal, then thoſe Angles are called Right-angles ; 


2 the AE Ri ight-lines,” AB and CD, ate then 

cular to each other. — 2. When 
8 * bg *BD) 1 greater than a Right - angle 
(ABD), it 8 called an 22 le. — 3. If t e 
Angle (EBC) is leſs than a 11 (ABC), it 
z called an Acutecangli. 

Note. When an N is denoted by three 7g 
ters (ABC), that in the Middle ſtands at the angu- 
Ar Poigt, and the other two ſtand at the Extremi- 
bes of the Lines which form the Angle: Thus, in 
the preceding Definition, the Letter Ĩ is the angular 
Point of the Right, Odtue, and OS: 


7. TWO Night lines, Ac, E _ 8 
* EF, are ſaid to be BY e 


5 A, ar Snare. 


+ Lines BG, IH, drawn any- 
— where perpendicular to one | * 
of them AC, and e at the other EF, 

Ee gar „„ 


5 * 


Of Plants, e ; face, N 8 = * 


8. A Fire is the Fo orm of either a \ Surface (« Viz, 7 
= * nt or a. Solic. 
9. A Plane: ſurface is any Figure which * even- 


2366 between its Extremes, or Bounds; and if thoſe 
-. Extremes, or Bounds, are Right-lines, the Figure 
2 called a 3 rs e FAO z bur 1 


$ N Y M7 4 1 
| . WF 8 

* ' N 1 at TY - 

\ #-3 1 o # | $ "2; PD „ 


ol 
*i 
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Ster. V. GAUGING: | 565 
the Extremes, or Baunds, of a Plane, . 
or Curve-lined, the Figure is then called a curvili 
neal Surface, or Plaue. 
10. Every plane Fig ure, e een "wel 
ed by three Right-lines, is re e, egg Mey 

3 ee en 

It. AY t-a TITTIES. > 
ABC, is that which hag'ove hy c 
Right-angle'z the Sides AB, 
BC, ſoa F Right- 
angle, are called the Legs, 
and the Side AC, 0 poſite s 
the Right- an is the Hypothenuſe. .. 
12. When he three Angles are all acute; it is 
_calledan oor 1 ee if one — ba is ob- 


4 + . 
Fa, uy 22 $A © 9 
* 


F 
. 
* - 


* 


? An equile ulleteral . 
has al its Moen: _) 


of n 


— 


F 16. rw iſ alles Thien Ni, 

has two of its Sides al; and 
- when the three See anc. 4 * > 
equal, the Figure is called a 3 — 
fals lang... Ke 5 2s 


16h. Every Plane Figure, Un „„ - 


or Surface, bounded by four 8 "MN 4+; TRE 15 
KRight-lines, i is called a Q F 
Ariluteral Whereof, thoſe 
_ (ABCD)whoſeop liteSides \ +08 83h val 
are parallel, are called Para. 
„ thoſe ws e 
H) W oppoſite es OY 4h 362 $26 
are parallel, an eee 
Ag s right · ones, nde call- 
ed gane, or e 5 


: 
* \ 
. i." 4A ' * 
* 1 
» : #4 
R / ö of 
5 
1 f 938 * 
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* 1 4 46 ? 4 
- WT * 
: . 1 8 we * wel " 1 
2 2 br 
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55% "#4 Tarzavrsx of A. 
Parallaligrams; and if che * 17 
Sides, as Wall as the An gles, are FTT — * 
all equal, e ee e 

called a — When the | r 
Sides e equal, and only e 
the oppoſite 3 ual, —ä— 6 

Rp TY the & N val. Fr 12 


? Rb "Wn , ©. * . 
5 WW * 
0 9 "hy — li 2. 
| * f L ' 
7 


A4. Beef ether 9 ound by four 
| _ "Rightlines, is called ee met of 
2 eee or Su- . Pl £3 


3 baunded by more than 
ur Right-lines, is called a Po- 2 


N and is named according to 

. ber of Sides ic conta? 
RY Tes ie has five Sides (ABC 

DE) . a Penta 225 if 

1 fix Sides, a Hexagon ; even, a a Heptaron: 3 py 

1 . an Octagon, Ce. If all the Sides and 

=; Angles are equal, as in the Figure! (ABCDE), it is 

. calle a reghlar TE if n ie n an 


| 1 A Cote is a plane $ 5 _— La 
; nas bounded by oe 55 K | 

5 continued _ ee, 55 

=. every Part 7 ene is 5 ZIP 

1 ally diſtant from à Point 

within the Circle, called | 

4 its Center; from which, © 2 

A 10 F e(CA, D, U. 4 to he Gir- 

3 | umference, is is called the Radius, or Semi. diameter 

"TY l Circle; ; bay e A. drawn throu h 75 
} 5 5 58 42 : 27 ( 30 . 2 the | | | 

. 5 = 5 ; "8 Were N I . ; 


N 


8267. V. „ „ 
the Center, terminating each Way at the Cireum- 
"ference, is called a Diameter; a Right-line- DG, 
teſs than the Diameter, me e the Circumference 
| | in two Points, is called a C or Subtenſe; and 1 "1 
the perpendicular Diſtance , from the Middle 5 5 
of the hord 77 the r er 7s called a | 
Verſed-fine: e DOE 4 
19. ee of a Circle B/G. is a Eger 
bounded by 'a Part of the Circumference, and its 
Chord PG; when this laſt is equal to the Diame- 
ter of the Circle; the Tigers is called a eee 
# ADrGB. 
20. K me of Girels DrGC;-is a Figure Lon⸗ 
tained by an Arch (or Arc) thereof, and two Semi- 
diameters, when theſe two form a Right- angle er 
the Arc becomes th of the Circumference, the : — _ 
Figure is called a e re (or CrGB, „ 
ſee thelaft Fi f 7 
21. The W of every Cirele > "TY 
/ poſed to be divided into 360 equal Farts, called 
i cs; and each Degree into 60 equal Barts, 
2 2 Minutes, each Minute 3 3 
3 called Seconds, £3, 2 18 en + "FILES 2 Ty 4 25 
22. Every plane Angle DCG (ſee che prece 5 
Figure) is eaſured by an Arab of a Circle, cnn 
tained berween the two Lines which form the Ka? : | 
_ gle, and deſcribed upon the angular Point as a Cen- a 
der; and this OWantity of 322 is eſtimated i 
from the Number of Degrees E 0 T 
. Haie e 


8 . : FO * 4 ** ; b * K. * A 2 S 
As q b 1 4 
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% \ T9. i . which das three Dinienlls EE 
| bil. "Length Breath,” «nd Thickneſs - — Abe! Fi. 5 „ 
| gute of 4 800d may be conceived to be generatdgd 
1 burned bas Plane ee in 7 


A . 
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©: 5 nd rien 1 Stor. V. 
ſome certain Direction, or by the ene of a 
d a Ling wen Axis Bs: © 
The Bounds, or Extremes, "of a Solid, . 
| ether plans ot-curved:Surfaces. - 25 
25. A Priſi is a Solid, whoſe two Eads a are . 
1 Planes, of any enden Form whatever; 
the Planes of the Sides of this Solid are Parallelo- 
grams; when theſe ſtand perpendicular to tue Plane 
of the Baſe, the Figure is called an upright Priſm; 
hen they ſtand otherwiſe to the Baſe, the Figure 
zs called an oblique Priſm; if the two Ends are Pa- 
rallelograms, the Solid (being then contained under 
ix Parallelograms) is called a Aye eg if 
che ſix bounding Planes are all Rectan les, the 
Solid is called à redtamgular Parallel pipedun; and 
when the ſix bounding Tunnel ane _ Square, the 
Solid is called a Cube. 1 
26. A linder ina Gobd, who; * 
two Ends are equal and parallel! E 
Citcles: This Solid may be con- 
ceived to be formed, or generated, 
either by the Roration of Rectf-.. 1: 
angle ABED, about one of its 
Sickes DE, as an Axis i or by the 
Motion of a Ciecle CmBu, in a 
Direction perpendicular to itſelf, ©: 
t guy aſſigned Altitude DE: ; 
Th called a, right: Cylinder, | Br it I Circle. 
ed to dro eur to 2 wy — 


| 11 to the a wE Ins Bale | 
two Hude were two. Tn = td 


Ch, 
* - 


2 Semi:-ellipſis a- 
as an Axis; if tbe 


Rotation be about 
the tranſverſe Axis 


dle is a Solid PRSR, 
generated by the Ro- P 
tation of a Parabola 


© dinare PS: But if the 


a Fu, a TOR Conoid, © 
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and ſimilarly poſited Ellipſes ; that is, rhe tranſ- 


. verſe. and conjugate Axes of each End, reſpective- 
ly parallel to each other ; the Solid is chen called an 


elliptical Cylingroid, & c. 


2297. A Hyramid is a Solid, e the 58 % 
any right - lined Plane whatever; the Sides of this 


Solid are plane Triangles, whoſe vertical Angles 


di. e. thoſe oppoſite the Perimeter of the Baſe) all 
meet together in a Point above the Baſe, n the 


Vertex of the Pyramid. 


circle revolving about its Diameter as an Axis. 


» 39A Sheds is; ct no Cn "EY 
i Solid, generated — 5 


by the Rotation of 


bout its Diameter. 


. 


AB, the generated Solid ACBD, is I. an 7 


Spberoid 3 but if the Solid be generated about th 


conjugate Axis CD, it is called an oblate Spheroid..- 


Note. The former of the-two laſt mentioned d. 


- a A Sphere is a Solid, generated by A Semi- 


lids, is only applicable to the preſent Subjett : Every _ 


75 ſpheroidical Caſk n * _— TN of 
_ ſuch a Solid, | 


30. A ParaalicSpin- . 


PRSm, about its Or- 


parabolic Space RmS (RmP) was to Ps 
its Axis Rm, it would . e a Solid 


: oe 


** . 
8 2 | 5 3 SI 31. 
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44718 of 
An Hyperbolic The I 


G., generated by the 
: otation of an Hy % 
its Ordinate EL: But os 
+ when the Hyperbolic Space Gal. (GE) parables 

it its Axis Gn, it thereby generates the 

ſemblance of a Solid, bh wee rer H 

. The Fruftym of a Cons, is what remainz 

4 Part is eit of next che Vertes, by a Plane W 

allel to the Baſe of the Cone: The middle 

of an > hs, Spheroid DbaCdf (ſee Fig. | 

3 | 3 after two 5 — 

| G=p et. b 

Axis: The. Pork ſo cut off, Aab and | 

called Segments of the 8 


. j - 
j . 
« * 
* 
' 
o 
« N 
5 
* 
* 
” 
a» 1 
Y 
\ 
* 
w 
- 
* 
f 
J * 
7 ” 
* 
— 
7 
7 9 
4 
4 
— 


RI TVET "On Ns 0 WIS PARA 


g 1313 . Bo fe. a. 484.5 \ FR N b p 
Ee Par di c KC. 4 wy 2 7 4 y 4. 


- 


Ser:VL, GAUGING 6 


. 


- : 
IE a. 4 . 
— ͤ -VQ˙ꝛ — r oo” . —˙˙— Rr ITE - 


* 1 
v 5 4 
a % . 
— * 1 24 # 
' 2 Y.3 Re ns 2 3 , *; F i 
* 444 2 — — — 1 — Un * e 


* * * 5 * 8 „ 7 
„ x F * ] r 7 . 4 
* — % * Pr . ; 

LE o * C , 


SECTION VI. — 
"Of "i Diymrrrons, AND son Of 


THE PRINCIPAL. PropBRT3ES op THE 


55 1 
© Conte S8CTIONS, 1 ff e "ot | 
lags! 3 Duraniprons. e 1 
I, * an indefinite l | 1 
85 Right- line Q R. 1 
| conceive an immoveable Toy 1 
| ee upon -— 
| which, as Center, let 1 
the ſaid Line be moved f YH 
- juſt round, Spd aig. | 
8 ; touching the Circumfe- i 
| © renceofa Circle DAIC, 12 
Place in any Poſition 8 
3 in that of a Plane . 
1 5 through the ſaid : 
„ = Point); then that e e . 
5 5 between the 8 | oy va. by | 


Point and the r 

5 the Circle, will (by 

its Rotation) generate the 
: - convex Superficies of a 

\ |  Figue called a Cone : If 
2 the Axis PE, or the Line 
Joini "the fixed Point 

- and the Center of the 

. Bare be nl gem 


"Rp ; * 
* W I . 
5 ö 1. 8 ber - fs 
Y 7 05 ES. Iv" N * s — . 
4 4 » Fee 4 2 - 
* 4 LY * 1 * 31 ; , 
* ” . 


* 4 : 
1 1 id wy 4 
; . * "32 
* % : 
\ U ; 8 # . * — —_ "2 - 2 
a * { - . - b * 7 * + 
, 7 | 714 7 [| as 
1257 % - \ * 1 
- "7 | ye; 7 | 2 — > 
k . 8 } Rt... * Fe — 
” * 71 " ao N 5 * 
N * '{ 
v4 h 
p BY 7 X — 
. . * 15 4 4 


* + 
: . 
3 
8 
* 
— = 
* 7 EA 
WW « va ® 8 
o N = * <y > S : 
e * 
S 2 "A. 5 * * 6 " rt dd, * 
1 4 bs pa "EW * 8 y 
oe Yoon » Df. _ 


3 dene s. DPI, otherwiſe, it will be an oblique, or 


i . 5 15 Side OD (or C produ- 


1 147145 * Seer. VI. 
- Superficies then deſcribed, will be chat of a * 


3 fſcalene Cone, as GPL. 

bie Ine PQ (Fig. I.) on the contrary Side 

"Ja of the fixed Point P, will alſo generate 1 

| Surface of, another ſimilar, Cone; an t 

3 ther are cal ay 72 Nite Cones. 2 . 
3. Ifta right: Cone DPI, be cut into two equal 


: pack by a Plane perpendicular to that of the 
Baſe; the Figure of the Os will be 4 right- 


8 AD iijeites rigs le. 
. a Cone . into two Part, Fd a Plane 
1 Rn" the Figure of the. Garg tic 
Circle. 1 15 a. = 
5. If a Coi 
cut by a pa g 
through ay Rei: H in the 
Side CE, in any Direction 
{except parallel to the Baſe 2 
DE) oY. to cut the other | 


ced) ; the Figure of the A 
Section, formed thereby, - — 
will be an Elliphs (or a. D 1 
| Segmont | thereof)... > +41 
6. If two Lines be rene in this rig re as 
5 dicular to, and biſecting each other, and each ter- 
minating both Ways at the Periphe of the oo 
-- -lipfis; the longeſt Line AB is called d ohh Tranſverſe 
| - & Diameter (or Tranſverſe Axis), and the ſhorteſt ab, 
Is called theComugate Diameter (or Conjugate Axis); . 
the Point(c) of Interſection of theſe eee, * . 
the Center. of the- Ellipſis. e 
7. A Right - line, nn, drawn perpendicular w | 
. Gther Diameter, . terminating; both Ways. at the | 
Fecher of the Ellipſis, is ld? Ad Qrdinate to 
0 Axia which i it e 2nd. the Diſtance vB : 


on: * * 
, 4 4 235: * £ 24 ut : 1 £ ) 
NT) \ « 8 ; 


os 


drawn from the Vertex V, F 


: omting av the Curve, is TR an n Oran TIS 


of the Section Reg is 


oo " "x 


ich s 6 


(vA, ub or na) in the Aris, from the Ordinate w 
the Ver B (Ay 4 afro aca nd 60 


; ing two Parts, by A N OA Da 
in a Direction parallel to the 4 „ 
ſlant Side thereof; the Fi- e 


gute, of the: Section Mau is 
called a Purabala. Br 
9. Phe; Raghrdine) Ve, Ni 4 


allebta the ſlant Side of tho 
one, dividing the Area of . þ 


into two equal Parts, is called the Axis of the Pa- 
rabola; any determinate Part from the Vertex V 


(as vn) is called the Abſcifſa ; and any Right-line 
ur, drawn pe ndicular to the Axis Vo, _ 


10: Ha Cone ABC, 
be cut into two Parts 
ory Plane, which, I 
continued; ould _- 
Iſo cut the o fte 
Code BY the Figure 


called an Hyperbola : _ 2 
The Diſtance DR, in- A — De 


R 
tercepted between — ar TM, 


oy oppoſite Cones, is called the T ranſverſe 7 


fer” (or  4xis), and the Diſtance Bw from the 


een 5 to he Middle: of the” Traber „ 


+] 4 BEE. 17 * 83 


5. * £4 3 

\ Ws 
G o : yp. 

_ ae k bin, 


i 
1 
11 
IK 
3 | 
1 
19 


* i 4 722 
* 2 i 
a LH * wr” Los, 
4 „ͤ4„h:' rg 
o ” —- 


— 


—— 


64 ATxniriby of ker. VI. 

called the Semiironjugate Diameter (or Avis): More- 
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in Order to expreſs the Area of a plane Figure in 
fuch Denominations, to conſider the Plane (or ra- 
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| B the preceding Wiebe of of dividing the Tra- 
pezium, the Meaſure of any irregular Polygon may 5 
very eaſily be obtained: For it the whole Fi . 
is divided fb Triangles, and the Area 'of each of | 
thoſe be found... 7025 op. J. 5. Sum which 
85 will be the Mea fe Ele Tong ings 3 
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Cs (ſee the laſt Figure) and the Area of the Pol 
gon (in Inches) become known, which being g. 
vided by the proper Diviſors, the Quotients will 
e the reſpective Multipliers*. for Ale and oy 
þ {oh and Malt 'Buſhels : — Theſe en 
conformable to all Authors on this Subject, 
exhibited in the following Table, r bn a 
Kinds of regular Pol Now as it is we wn, 
to e ag he the Areas of ſimilar (or — 
plane Figures, are in 2 to one another, 


as the Squares of their correſponding Sides 3 there» 
fore, having obtained (as I 


Polygon. whoſe Side is Unity, we then ſay, by Pro- 
portions eo the Square ch a, is-to-the | 
Square of the Side of the Po 

ſought, ſo is the Area of that Polygon a whole Si 
is Unity (expreſſed in the followin Table), to the 
2 SE N us Hence the follow- 
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lowing Table as is agreeable: to the Name of 
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'%; thereof, in the ſame Neneminadisn as the N 
en was n Uſe: ak. 11 J te ess, 
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3 "AT 2 the me Ant * 76. very 
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85 kHwing nern "the Methods of e computing the | 

= © nw of ſuch right-lined Planes, as chiefly occur 

6. "2 5 in the Practice of Gaugi Tk 1 . now proceed 
3 to determine the Areas of curvilineal Planes; as 


ons * Circle, Ellipſis, and their Segments, c. But, 
* 35 = firſt of all, it will be very neceſſary to ſhew the 
= - Learner, how to find the Circumference of a Circle, 
1 85 9885 ee ma the abe A 
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It is now looked upon, even by Mathematicians 
of the firſt Rank, as abſolutely impoſſible. to de- 
termine the exa# Proportion of the Diameter and 
Circumference of a Circle. | 

That great Geometer Archimedes, abdur two 
Thouſand Years ago, firſt diſcovered this Propor- 
tion to be nearly as 7 to 223 that is, if the Dia- 
meter of a Circle be 7, its Circumference will be 
22, very nearly. . 

Since Archimedes's Time, Wich Methods have 
been invented, whereby the ſaid Proportion may be 


approximated to a very great Degree of Exactneſs. 


Van Ceulen (a Dutch Man) found, by incredible 
Pains, that if the Diameter of a Circle be repre- 
| ſented by 1, the  Circumference thereof will be. 
_ $:14159265358979323846264338327950288, ex- | 
zremely near; for it the laſt Decimal Figure be ſu 
poſed 9, the faid Number (3.1415, &c.) would. 
then exceed the true Circumference of a Ci cle 


whoſe Diameter is 1: — This laſt Number was not | 


only confirmed, but was extended to double the 
Number of Decimal Places, by that ingenious and 
moſt indefatigable Mathematician, the late Mr. 


Abr. Sharp, of Little Horton, near Bradford, in 


Va Yorkfpire. 2 
But, in Fa ordinary Practice of Gauging, it 


uill be unneceſſary to take any more than 3.1415 9 5 | 
By (or 3:141 6): Hence it is evident, that if the Dia- 


meter of any Circle be multiplied by 14159, the 
Product vil be the Circumference of that ge 
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. the Mater Rule, 
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Set 80% K to 3 1416 . then aint 40. 
on B, is 125. 6 on . 
| 2 An is evident, from this Example, that if the Cir- 
. cumference of any Circle be ivided by 3.1416, 
+ "the Quotient will be the Diameter thereof, very 


Me the” Diameter and Seu der of 2 Cir- 
cle ate known, its Area will be found b 1 0 
bing. half the Circumference by half t 
meter. 


But fince the Areas, of Circles 65 well as all 
other fimilar plane Figures) are in Proportion to 
one another, as the Squares of. their Diameters (or 
Uke Dimenſions); it follows, that, if we have the 
the Area of a Circle whoſe Diameter is Unity, we 
8 can eaſily obtain the Area of any Circle, whoſe 

Diameter is given, without finding its Circumte- 
 rehceatall:* uppoſe, for Exam * 
8 n he BY N rei 
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the foreſaid Proportion, will be * 1416 very mean; 


therefore, by th proveding Rule Ee coal the 
following . 
; 50 ory 
Ora ATION. 
34 . Ge 
2 the Circumference zavat; of adnntts: 
x the Diamar: a" ani Sorta 


— 


Product is . 78540, the Area of a Cir» 
[cle whoſe Diameter is 1, Marky. 
Therefore if the Square of the Diameter of any 
Circle be multiplied by .7854, the Product will be 
the Area, * 35 of the Circle, in chat De- 
nomination whereby the Diameter Was -cnpedled, 
whether Inches, Feet, Yards, 1 
As, for Inſtance, ſuppoſe the Diamews of 2 
Circle be 30 Inches, the Square whereof is god; this 
being multiplied by. 784, gives '766.86 fquare 
Inches, the Area ſought, near 
Now if the Area of any Circle in ches od 
in all other Figures) be divided h on 
A TP r ot 


of cubic Inches contained in a G 
Wine, Se. we ſhall obtain the Area a the Circ 
in thoſe Denominations: But, in order to avoid 
the above troubleſome Multiplier 78 ba), in 5 
ing the Area of à Circle in Ale or Wine Gallo 

or Malt Buſhels, we need only to ſquare the Ba- 8 
meter, and multipl p iy that b che Quotiehrs of 2854 
divided by the re ve Diviſots ; [5 or elſe. divide 
the Square lache given Diamerer, y the Quotientz 
of the reſpective Diviſors ares go. 
.7854; and the Products, or uatients, 

the Area of a Circle in the fame ede 1 
that of the Factor, or Diviſor, uſed. 
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Diviſors Factors 
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:for Squares, We. for Circles, Cc. 
282 18539 Sc. (0027851 Sc. Ale Gallon. 
231) .78539 Sc. (.003399992 Wine Gallon. 
2150) 79539 Sc. (652 Malt Buſhel. | 


6 Diviſors 
for Circles. 


785398) 282.00 Cc. (359.05 Ale Gallons. 
785398) 231.00 (294.118 Wine Gallons. 
785399) 210.420 (2738 Malt Buſhels. 
After the very, ſame Manner may the F ators 
- (and Diviſors) be found, for obtaining the Areas of 
Circles in any other Denominations; 3 which, for 
che Sake of Brevity, 1 ſhall exhibir in the follow- 
ing "TRE 25 
The Factors, or Multiples, for Euch the 
. Squares, Sc. in Gallons, Buſhels, &c, 
are obtained by dividing Unity by the Diviſor for 


Squares, Ic. in the ſame Denomination. ., 5 
© Dieiſo ee 9 rpms WG. 35 
2 bor Squares. Peat: 
LE $32 1 1.000000 ( 2 28 Ale a ge: oc 
231) 1.000909.(.004329. Wine Gallons; 
2150-42. ). »Q90000 (. 000465. Malt Buſhels. - 
Note. The above Factors for Circles may . 
wet obtained, by dividing Unity by the reſpec- 
tive iwilors for Circles in Ale and Wine Gallons. 
Ne Gauge-points. (on the Line D) on the Sli- 
Rule, for Ale and Wine Gallons, and Malt 
els, ate the ſquare Roots of the Diyiſors for 


155 ao or. Circles, in Ale 14 "Vet Gulowand 
Malt Buſhels, as follow). 


Diviſors 282 e trot: 
for . 231 47 po Spas . Ns 
1 21 50,422 

16. 79 

1 5 *. the e for Sur. 
NEO 92 f 
Divider 
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Diviſors f 359.053 
for Circles, J 294. 118 f, 
Sc. 2737. 92 

18.983 

17.15 

52.320 
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the Gauge-points for Circles. | 
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1280 Roots are 


The above Gauge- points are. manifeſtly the Sides | 
of Squares, and the Diameters of Circles, whoſe Areas 
are one Ale or Wine Gallons” or Malt Buſhel. 


A TABLE of Multipliers ths Factors), Divi- 
ſors, and e for Cores, . 1275 


by 
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Square, or the Di- 6e. c. | 
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8 in Ale and Wine Gallons, and Malt om 


M2 ken. 
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Rotz. 


. . the Gn of the given Diameter be multi- 
plied, or eth, 2 Multiplier, or a Diviſor, 
recable to that Denomination, in which the Area 
* of the Circle is re quired; and the Product, or 
We will be che ſaid Area FOO | 


tl 


8 $57 we ge mend ig | 


Suppoſe” the Diameter of a Circle 68. Inches, 
— its Area in Ale and Wine Gallons, and 
Malt Bulhels, 
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ware of the Ban is bn "Thich a 
N the preceding Table)-by 

3 le 1 
for Wine, and _ * or divided by 


S 


The's 


Fn Wim, aha. ab, « the bela, or 
2737.92 for Malt Buſhels 

Quvotients, give 12.87, 15. 72, and 1.68, for the 

required Area of the. Circle, in Ale and Wine * 

bloss, and Male Bulhels , hat Rs 
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_ [18.95 
Ty 17.15 marked 18 on P, ſet 1 on Cz 
52.32 | 
12.87 
then againſt 68 on D, ih- "NAG 
as before. | e SLES ap] 
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Having given the Length of the 9 as the 
Semi-diameter (or Radius) of the Circle; to find the 


Area of the Seftor, in Ale and Wine Gallons, and 
Malt G 6 NT 


Multiply half the h of the Arch by the 


Canal ea of: thee i ez and divide the Pro- 


duct by 282 for Ale, 231 for Wine Gallons, and 
110 for * Buſhels. 


| ExaueLy. | 
L ADBC repreſent a Sector of a Circle, whoſe 


| Semi-diameter AC (or BC) is 84 Inches, and the 


Arch ADB is . required the Area in 


1 


" OrxnaATION. 
» ny \ 


* » the Arch ADB 35. __ 
EF), 8 7 


the above Product (338688) being multiplied 
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Oren AT ILO x. 
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1 e Ale Gallons. 
231)2955.54(12.8 Wine Gallons, . 
08 1 955.540 I. 37. Malt Buſhels. 


\ n . l. Shiding-Rle 
1 282 


To 23 > on A, {et 84. on B; then — 
2150 | 


. 


- 209 yo a2. e 1 
25:18 on A, webare {1 on . he above 


Eb LAG | 105 ate ve 
required 1 USE i ws 
at if the Arch ADB, or the Meaſure of 61 7" 
oh ACP, in Degrees and Minutes is given, and 
likewife the Semi-diameter AC: Then multiply 


the Number of Degrees and Minutes“ (feduced to 
the Decimal Parts ef a Degree) by the Square of 


the given Semi- qiameter, and that Product by 


000630945 for Ale, . 0003777 for Wine Gal- . 
lons, and by .000004059 for Malt Buſhels. 


In the preceding Example, the Arch ADB, or 


: : the Angle ACB, is found to be 48 Degrees, near- 


y zthen 7056 (the Square of 84) being multiplied 
by 48, and that Product (which is 338688) by 
.000030945, gives 10.48 Ale Gallons: Moreover, 


by 


Aa 


| ; 23 4000030945 x lit. 


"by .000037777 gives 12.8 Wine Gallons; and if 
338688 be multiplied by .o@0004059,' the Pro- 
duct will be 1.37 Malt Baſhels,' the vefy fame as 
before.“ 8 5 | 

By the laſt Propoſition, the Area of the Seg- 
ment of a Circle may be obtained: — For if the 
Area of the Triangle ABC, be ſubtracted from that 
of the Sector ADBC, there will remain the Area 
of the Segment ADBA : But ſince it is very trou- 
bleſome to get the Length of the Arch of a Segment 
of a Circle; I ſhall therefore give one general Rule, 
whereby the Area of that Figure may be found to a 
very great Degree of Exactneſs, by having only its 
Chord and verſed Sine given; from whence the 
Diameter of the Circle is very eaſily obtained, by 
either of the following Methods. 5 | 

If the Sum of the Squares of the Semi-chord 


and verſed Sine, be divided by the verſed Sine, the 


Quotient will be the Diameter of the Circle, to 
which that Segment correſponds:—Or, if the Square 
of. the Semi-chord be divided by the verſed Sine, 
and the Quotient thereof added to the yerſed Sine, 
that Sum will likewife give the required Diameter. 


— n 23 > 8 1. RL IVE 4 © A te Stag 4 


* 


ff 


rn * T* CES 


* * 1 a 21 . 
Ne i F aan 
If the Diameter of a Circle be = 2, its Circumference will be = 
* . 5 ; : 6. : a * 3 bd % * - | 
6.283 1, Cc. and therefore 368 (= 017453, Se.) will expreſs the 
Length of the Arch of one Degree, when the Radius of the Circle is x :=—Now 
let i denote any Number of Degrees and Minutes, Ic. reduced to the Decimal 
Parts of a Degree; then will .017453 X repreſent the Length of thoſe De- 
xrees, c. in the ſame Meaſure of which che Radius is 1 ; then betauſe 


fimilar Arcs (as well az the whole Peripheries) of unequal 'Circles, . are to 


one another as their Radi, we have 1 (the Radios of the Jeſſer Circle) 
: X. 017453 it 35} brX · 17453 the Length of the Arch to the Radius 2; 


„. X #, or 00872664 X b = the Content of the Sector 


2 
in Inches; conſequently the Content in Ale Gallons is = E229 x bs* 


282 


* 
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poſe, for Example, the Chord of a Segment 
1 Wel be 24, and is verſed Sine ws required 


ere that Circle. 

2 7 5 oA. 
i | ad 18 1 Se hord 12 

W l gta gn. is. 


6 al. 8 


* 


144 
Add the Sq. ofthe. Sine 64 


Fs 4 1 


138 | the required Di- 


5 ben. 
wk . 48 | 
48 
bernie - the 3 Metbed. 


| The Square of the Semi- chord is 144, which | 
being divided by the verſed Sine (8) gives 18, to 
which add the verſed Sine, and we Ab 26, 'the 
quired Diameter, as above. | 
theſe Methods are very eaſily derived from 
the Properties of the Circle, which are well known 
to Geometer. e eee pul AE 


Pa or. K. 


Wege, Chor and orfed 4 Sine — 5 
* of a Circle; to find its 4 12 4 ond His | 
une n It Buſbels. 


1 * 


* 4 ” i * 
2 : ft __ * 92 » a 2 . , / 4 
- - « 5 
3 
5 ULE. 
* P \ 
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geen vn. 6 AVSING A 
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R „ 


i R 
C 


Divide the Benne between Le verſed Sing 
and 'the Semi-diameter bo. 45 and note the . 


De 
tient. . 


NT. Subtra& the! Square of the above noted 
2. Subtra& four times | Quotient, from the 
the Square />-/> Square of the Semi- 
3. Alſo take nine times ; ' TTL and noe in 
+1992 the Square 97212 ifferencte. 
Then to four times thou m of the Squem Roots 
ofiths firſt and third Differences, add 
Square Root of the ſecond; to this Suma dd te 
Semi-diameter'and Semi-chidrd: 
_ "Multiply that Total by zth Part of the Difference 
between the Semi- diameter and the verſed Sine; 
this Product being taken from 1.57079 tim "we 
uare of che Semi- diameter, leaves the Meaſure - 


the Segment in Inches; which” divide-by 282 
; fo Ale, 23¹ 4 Wine eg Fi _ * 


on B 79 44 
CES 75 ; 
þ 7 5 -4 ; 
CIP £44. & $4. Be 1291 T6 2293 S635 
9855 E 


1 the Area of the Segment of a Circle, 
| whoſe Chord i is 40, and the 5 855 ns. 10 In- 2 


q *. TY 5 * 7 
7 
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* ** 1 . 9 1 
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1 = * 
opts N OrznA TON. 
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09071 N Pot 
i © This is very eafily dedaced; fr ts Med of c. 
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pet OPERATION. 


The Sq Square of the Semi-chord i is 40% 
0 


9 are of the verſed Sine i is 100 
. a n 5 ty | * 10 500 ( 50 = the 
"= e 05 (Diamerer of the Circle. 


| _ of the: OR hs the Semi- 
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Sine and Diameter of a Circle are known, (or the 
verſed Sine and the Chord of a Segment of a Circle - 

from whence" the Hihmeter becemes known, ſee 
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3 1 count of the Unevennels of the Sides of the Tan 

9 it vill de werf noceſlary to take 10 Lengrhs 


A 8 53 
. wo e and as ACN each nent ns 
3 „ 8 

* poſſible, 


8 * 14 IO : 4 4 f * 0 
. 4 88 ee «4 n | 

£ . % + 8 © 8 | | . 

fa 4 . . * l 

2 K 

4 * 7 * — | 
© 
3 1 
” 


Backs x that 


— 
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ble, at equal Diſtances from one another, and 

om the Sides of the Veſſel; then the Sum of the 

Lengths being divided by 10 (or the Number of 
Lengths taken) and the Sum of the Breadths di- 
vided in like Manner; or, which comes to the 
fame Thing, the Decimal Point, in each of theſe 

Sums (viz. when there are 10 Lengths and 10 
Breadths), being removed one Place more towards 
_ the left Hand, gives the mean Length and Breadth 
the Tun, or Back: Suppoſe, in the laſt Exam- 

, the Lengths and Breadths were _— MEL a= iv 
10 "different Places, as follow. : BEE ESE”, | 


| Lengths, | | Breadihs. 
71.8 32.7 
| kf 2 F 324 Be | 


. 5 _ 71. 7 » 33.0 f — 9 f 


e e ee OC TT 
5 g Þ n : It. 8 f ? oY 33-2 bt 13 E 5 5 | : .. 
. 72.0 5 3 | ai 2 
4 „ * 
\ 1 4 7 
3 70 k 
we ene qd: 74.00 hb pooh 8 
5 ; . 8 . 4 
+. Tg Length 54 5 * | | + [Breadth, 


Ef At -common Brewers, Ge. the Coolers (or | 
Backs) are generally in the Form, as. defcribed”- 


above but, e ſeldom exceed 8 In- 242 5 
hes, it will be ſufficient to tale (about the Mid. 
dle) only one Length, and one Breadth! which - © 
being mukiplied together, and the Product thereof = 1 
2 — e E e 
P an 175 8 
* F * 


7 


at commo Brewers, the 


42, , 
e a ED 28 


BH, Remains "29, 52, ;zhe ne near Kea for one 


** * 4.4 * > : 
„J) / 8 4 
* 5 JH ” , 
00 Fe . mn r C N *. 
- . * x ; 
. 1 8 * y N _ 
” J. . 


_ 
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8 „ Exaubst. b 


E . Landes of ur. to 3 Gy. 


3 the Breadth $2.2 3 1 its Area ia 
Ale Gallons. 0 


i n 
* 8 OE. 
4 54 (34 TO bay, w & 4 6p 
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292)g247 pole Jeers in Me Gallons, 


' The Worts in the Coolers being always Sauged 
to the tenth of an Inch, it is therefore neceſſary 
that the Ta bles 9 of Sach Veſſels ſhould be made in 


Batrels, Firkins, &c. to every Tenth,- which is 
„ uſually called tenthing a Cooler: But, before we 


enter upon. that, it, will le to obſexve, that, 
Wance made 

of one Gallon in ten, on . the Heat of 

the Worts; that is, every 10 Gallons of hot Worts 


in the Coolers, will be- bur. g:Gallops' when. cold, | 
And let down into Tun; conſequently,a Table 
mute made of only eth of the hör: Area of 
| the Cools, as follows. "WE WS 


Whole Area 32. 8 Ga . 


Us 1: 8 838 {72 


3 


. of which i is 2.952, the Beet Ara of the 


Cooler for wth of an«Inch ; but the 3d Decimal 


1 7 (being in this Sale of ſmall Value): ma 
| y 


I, and ore 2.95_will-boe new. 
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Area; by the continual Addition of which, the 
following Table of Beer Barrels was made. 

Note. The neat Area of any Back (or Cooler), 
for roth of an Inch, may alſo be found by multi- 
plying the whole Area thereof (viz. for one Inch 
deep) by. og: — Thus, for Example, the 'fore- 
going Area 32.8 being ee 2 og, gives 

2.952, the neat Quantity for . e | 


before, 7 
| — E Gal Parka. | 4 
FOES . eee 2 95” 
eee 55; york 
7 30 888 : 
GCC 800 
N e 
CERES FA 2-H C4 Wee 4. 5s, 
"7 7 o 2 . | 65 1 4 i 
1 8 I: 0 2 3 60 4 
« x *1 9 o n 8 55 1 
V 
: WL a : 


1 take" it needleſs/to/ rocked y farther with 
| the foregoing Table, ſeeing that the Method of 


forming it, E only t the continual Addition ef "95 / . 9 


Gallons. (Fas 

By the ſame- Method the Back may be Wee 

for or At rel &c. (i. e. 34 Gallons to a Barrel), due 

5 had to the Decimal Parts, when the 
| Som of the Gallons and Parts, of the two Numbers 

> to be added. exceeds one Firkin (i. e 8.5 Gallons)” 

It is, indeed; wholly /immaterial in what Part 

5 of a Cooler the Gauge of the Worts is taken, 
vided its Bottom is fixed in an horizontal Poſition: 
ut it is well known, that that is always placed a 

little inclined, for the Convenience of the Wort's 

running out: Beſides, at cagnmon Brewers,” } 

| _ are OO WR ws fertle of themſelves, 

6 ; Dore: 


8 Breadth E 8 2 3 


150 the -Irregularity - | 


tom pro, e with Water) 1 | 
| ints of Interſection (a, e, ny 4% v, fc.) 
: $f ble parallel Lines, the Sum of which b 


— N > 


— 


wink 


No i in order to find, with: the moſ „ 
: A. mean Dip of a Back, or — proceed _ : 


Let its Length and CIV EY 


yided at 1 Bottom, 21 
Into 4, 5, 6, 7. Sc. | 
| equal Parts, accord- . | 
to the Magni- f— 

of the Back, 


its Bottom,-./alſo DB 


let parallel Chalk- lines be ſtruck ; 125 . 


gure ABCD, which: may be ſuppoſed to repreſent 
the Bottom of a rectangular Lacke 2 2 (the Bot- 


be taken 
at all the "pe 


ng divided by the Nuinber of Dips ke, wil 


A give the mean Depth (or Dip) fought. 


: Find.in,what e of the: Rig, - . Die being 
taken, Ne Wet! to the mean Dip, for. /bat'm 
2 nojed for t 8. Dipping place: Bat if ſuch 


Place cannot be eaſily come at, then chooſe One 
Which will be the moſt convenient to dip at, and 


* 


"= 3 Gs As b VIII. | 
ES) odd Way: than another; and ' moreover their 
Bottoms will. frequently watp, and thereby cauſe 
ſiuch an Unevenneſs in e as 1b render it almoſt 
iümpoſſible to know where to take a Dip of the 

Worts, * their true Quantity _ be r 


- 


— 
% F 


there make ſome immoveable Mark; obſerve how - 


15 much the Dip taken at this Place falls ſnort, or 
exceeds the mean Dip ( found as above) and accord - 
8 92 Mar kene on the Side of the Back, at the 


by Ft with the Character A or : 


weill be the Meaſure of 


biet. Ill. GAVGING 10% 
to dip only 4 Inches; therefdre it is plain that 5 


muſt be added to every Gauge (or Dip) that is 
taken of the Worts, ae the fixed Dipping: pl ace, 


and muſt be there mathxd/ thus, 4 o. 3: But if 


the Dip, at this Place, had been 5 Inches, (Which 


exceeds the mag Dig, by +5).. we muſt Wers 
marked the D ippi g-plac® — 0.5. . 
Mete. If the Sides gf a Back He. are | 


3 there happens to be any conſiderable 1 de⸗ 


tween the two Diagonals: — Then we muſt mark 


(with a Chalk- line on the Bottom) the longeſt Dia- ny 


gonal, a ood ct . culats fall thereon, from the 
Geary e Angles, as in the zium Pa. 7 


It will be uh to giye Examples for an. 5 


ing the Contents of al the e Sorts of Priſms 


which may otecurin P 


two equal. of the; Priſm be what it will: 
That is, multiply the Area of one of the Ends, by 


ice, if the 25th Deftzition,. 
Pa. 58, be rightly underſtood ;, for the; e 6 
Operation, by the Pen, is much the ſatne as B 

of the foregding Examples, let the Figure of the 


their perpendicular Diftance „ arent and the Produtt ; „ 


the Priſin 


_ which divide by a8 
ed 5150 or Ma 


75 2 IE P. R 0 . . 


The Diameter and Lengib of a 85a 1. chm 8 
0 find its Content * Ale and Wine Gallons, and 
| Malt Buſbels, * 


9938 


| CERT Roar 
; WITTY nenn 
N 4 * 4 42 


_ WF £* 


" Multiply TT Sqvare dt the Rise by the - 


Length (or Altitude) of the Cylinder, and divide 


l for Ale, 294 for Wine Gal. 
| F Male By bY i: — Or the f ſaid 
| 8 Ds e {ſe Ta 1 ay 


lons, and 2738 


— 


cubic Inches ; 5 6 — 
231 «r Wine Gall $7 
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F 
WC _ 359)46592- 00(129.78 the Con- 


4 Taxtarisx of Ster. VIII. 


34 and.,000365, will 
lager in Ale and 


ive the Con- 
ine Gallons, 


Diameter of 2 Cylinder BC is. 32, and the 
Tok e (or Leigh) AB 45.5 Inches; ; required 
„„ Content in Ale Gallons, Oc. 
goat "$56 Net 9 0 . AT ron. 

ERS e 154 ren PALE © rad wx {bs 1 
80 81 5 . ) 32 


* 1 


. . IIctent in Ale Gallons. 
A eee 


? 5 3 . SR - 2738)46592.00( 17,01 Malt 8 
I 15 n els, 


— 


f 


If the Diameter be leſs than 10, or more than 
100; or if it ſo happens, t, when the Len 
of the Cylinder on C is ſet to any of the foreſai 
Gauge · points on D, the Diameter of the Cylinder 
on D, ſhould fall olf the Slide either towards the 


right or left . Then, in order to find the ' © 


Content of the C 99 152 170 the key e we 
may have Reco Method laid down. at 
Pa. 48. 2 

Thus, for Example f fo TP the Length of a 
Cylinder be 45.5, and the Diameter thereof 8 
Inches; required its Content in Ale. and Wine 
Gallons, and Malt Buſhels. 


Now it is very evident, from the Conſtruction 10 
the Rule, and the Gauge: points thereon, that the 


Diameter of the 16 (8) 1 fall off 5 Line 
D: But, 725 „Nel % a 


340 


18.95 9 1 
ele be br 45.5 on Cs then 
52.322 | 
againft 16 (the Double of 8) on D, we ſhall have "OY 
132.3 F 
655 6 60. which being divided by 4 (becauſe * 


4.25 
the Dinter of the Cylinder) was doubled), gives. 
bt 0 12 Ale Gallons I 


9.9 e the required. Content, of 


1.06 Malt Buſhels 
ee | CT 


p. f or. "Iv. th 
25 10 77 of þ N 1 U es 


e and Malt BU“. Gabe 


ME: 1 and 27, Aae 59 and bi gy 


| | Rr. 
2 150 ＋ . * $3.» j UL * . 
g 1 33 N , - __ 
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be "Kot 
ulti be Ako the Bulk (let the Fi 
905 reof be what it will 10 dy zd of. the Ran 
+ - hd the Product will be the ontent in cubic In- 
| 4 ches; which being divided by 282, 231, and 2150, 
> thi 9 2 will be the required Content in Ale 


- YG: 


£ and ſine Gallons, and Malt Buſhels feſpectiyy Ci 
0 3 N : wy « » 28 Py * 1 L 4 ; 
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To 15.19 0b. fr 19 60 Cy den ain 
$46.37 


82.53] 
FORE? 


33 1 100.75 on C, the ſame an before. 


ates puer v. 3 55 
7 find the Content of the K Fruftam of u Cont (6 


Pyramid F am Kind) in EG PE and 
Hal But. (Cee Defin. 32. 60. 25 


+ = = 5 ” . - * 
2 „ * * e * 7 
4 -_—_ „ * * E. , 8 
2 n - * 4 R v 


'To 8 = of the raw Rad 
of the 3 5 7 2 add a Geometrical- Mean iy 
tween thoſe Areas (viz. are Root. 
their Product). multiply al S 2d of 3 
Altitude of the Fruſtum, the Product will gi 


: ES, „ 


24 ine jj 2 
\ 


the Content thereof f in cubic Inches ;* 3 which being 


- ratnjd whatever (ſee Ng. V.)], 3 As, 
| then the Dimmer, or Skies of 


Pyremid 
Plabe, let another be dee paſo At * 


A a qe 2 24 * 22 ——ð— “ - 2 — — 
E _—_— — — * 3 * pry * 1 4 x It 
, > 4 Q. > L 
— 9 
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The preceding Rule is general, let the Figure 
of the two (imilar) Ends of the Fruſtum be what 
it will; but the Content of the Fruſtum of a Cone 
in Ale Gallons, FG. is more expreheiouſy obtained 
Thy _ — 1 


+ 1% 
Re 1/3: 48 | j 
xl 2 * 'S + A f 


by the nc of the Sum of the top = bot- 
tom Diameters, ſ tract the Product of thoſe Dia- 
meters; the Reminder being multiplied by the 
Altitude of the Fruſtum, and the Product divided 
2 roy fot. Ale, 882.36 for Wige, and 8214 * 
"HARE NO PE CONES Content 7 OS. 
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50 the eee be 22, the dase Diame 
ter 40, and the Altitude (or Depth) 60 — 3 
"reals the Content of raged Fruftune | in 0 Gal. 
mo, __ $7: 5 EDS e 2 


; OPERATION; 5: | 
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% Hs 125 the „ Cut . 
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| the Fra in Ale Gallons ; ; whence, by the pro- 

r Diviſors, the Content in Wine Gallons an 

alt rely. will be found to be 201-55 and 21. 3 
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35-4 Z eommon Diſtance aſunder, or, whi 
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Provided a Brewer's Guile-Tun (or a Diſtiller's 


- : Waſh-Back, Sc.) was a perfect Fruſtum of a 


Cone, the above Rule would be ſufficient for find- | 
ing its Content; and moreover a general Method 
might be given for finding the true Quantity upon 
every Inch of the Fruſtum's Altitude, by which 
Means a Table might be formed to know the 
8 of Liquor contained in the Tun (or 
Back), at nf Namber of wet (or dry) Inches of 
its whole Depth. 
But, in Veſſels of this Kind, it i is well known 
that the Croſs-Diameters differ pretty much in va- 
rious Parts of the Altitude, eſpecially if the Veſſel 
is of a conſiderable Magnitude: Therefore the 
moſt practical and certain Method of finding the 
Content, and tabulating a Guile- Tun, Cc. re- 
„ ſembling the Eruſtum of a Cone is, to take Croſs- 
Diameters at the Middle of every 6, 7, 8, 9, or 10, 
Sc. Inches of its Altitude; then will half the 
Sum of any two Croſs-Diamdters be, nearly, the 
true Diameter at that particular Ahirnde. 


Find the Areas in Ale or Wine Gallons correſ- Ro 


nding to. the Diameters, thus obtained, in the 
2 of every 6, 7, 8, 9, or 10, St. Inches; 
de Sum of theſe Areas being an by their 
is the ſame 
1 each Area being multiplied by its correſ- 
8 Part of the Depth, the Sum of the Pro- 
wilt give the Content of the Tun in Gallons, 
FS, it 3 perpendicular to the Horizon: But if 
the Tun ſands inclined ; then ſo much Liquor 
muſt be meaſured-therein, as will be ſufficient to 


cover the Bottom, and at the Place where the 


| Depth 


raken-ar 
8 


of the Tun was found (which is always 
the Intended Dippiag- place), take the- 
wy the ane £7 _ covers the. . ; 


tae 


* 
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that being füͤbtracted from the whole Depth. 
leaves x rp Ne Depth of the Tun. 


Now, to quarter ſuch. a Tun, or to obtzin 


Croſs Diameters of any Veſſel of a circular Form, 
in any Part of its Altitude, proceed thus. 


With a Chalk-Line and Plummet, at the loweſt 


Part of the Tun, ſtrike a ſtrait. Line on the Side 


thereof, from the Bottom to the Top; then with a 


Dimenſion-Rod take the Diameter of the Tun at 


the Bottom, multip ply that Diameter by. 7 (ſee Pa, 
be the Side of the 7 oſcribed | 


99) the Product wil 


Square, very nearly, with which the Tun may be 
uartered at the Bottom; and by the very ſame 


ethod of proceeding, the Tun _ Back) may be 


Gall ae at the Top; then let Marks be made with 


Chal at each 8 both at the Bottom avd | © - 


Top, and ſtrike ſtrait Chalk-Lines' from thoſe 


Marks ; the Veſſel will then de properly quartered, $67 


and Croſs-Diameters may be taken at any afſign- 


ce Diſtance from the Bottom. 


It may be proper to obſerve, that by Means of : 
IDS a round Tun (or any inclined pot 8 


Veſſel) both at the Top and Bottom, we get 


true Croſs-Diameters at an e of its | Depehs | Is 


which otherwiſe could not 


hong was fixed 8 Arr ang or with its Bot- 
parallel to 4 


* is moreover to be obſerved, 3 * 


S is required, the Number of 7 
a role A Veſſel ( whether ſtrait or curve-ſided}- by 15 
ſuch, that the Increaſe of the Croſs- - 


Diameters (or Dimenſions) may not exceed one $ 
Inch: — In Order to obtain which, in a ftrait- 
ſided Veſſel; divide the Altitude thereof by che. 
Difference of Pp and bottom Diameters (or 
rb capa LP "Ju will de on” 4 


1 


3 Miel 5 Siber vitt; . 


ndicular Diſtance which the Crofs-Diametets, 15 
7c. are to be taken from each other.“ | 
I a Veſſel is to be tabulated for the dry Inches, 

it will be proper to begin from the Top, to mark 
out and take its Dimenſions; and from the Bottom; 
ben! it is to be tabulated for che wet Inches. | 
When the Difference of the top and bottom Dia- 
meters (or Dimenſions) of any ftrait-fided Veſſel is 
but ſmall; then the Diſtance of the Croſs - Diame- 
cers, Se. may be fer off upon the Side, without 
Ip += ſenſible Error: But, when that Difference is large, 
* we wuſt, in Order to have the true Diftance of 
the Croſs-Diamerers Sc. on the Side, take the 
_ following Method: { — Meaſure the ſtant Side of 
1 = Velfet, and 5 the Length thereof by 
intended Diſtance of the Croſs- Diameters (or 
© Dimenſions), and divide the Product by the per- 
pendicular Depth of the Veſfel; and the Quotient 
will be the Diſtance of the Croſs-Diameters, Oc. 
. on the flant Side. , 
Note. It is both more expeditious and certain, to 
mark the Sides of any Veſſel, where the Dimen- 
2 | Gons are to be taken, with a Pair of Compaſſes (ſuch 
4s are uſed by Coopers), than by any other Me hock 
| = that has yet occarred! to me. 
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Croſs-Diameters as below; required. he; Content 

5 of this Veſſel i Wige Gallons. e ie þ8 of 

27111» Treber, Clarke pe r [Diand,' © 77 By Gallows) 
2 . „ 51. . 1 9.2 * IF. 

8, 20 (6 Inches E . 7 8 KI SES 727 

35 20M (#7 from 5 84· 3.33.35 7 98.70 


60 fi 1 _— Y 
e (I ofte SR 10 02960 
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t - Groſe Depth 61 „ OS OOER 
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The Manger of finding the forego going: erik i. 


is extremely ealy,: Thus, for Inſtance; the Suma 


the two. Croſs-Diameters at the Top being 104 
the Half of which is 2 I 27 the Dian meter at 6. Inches 


from the Top.of. the 4 9 — agaiaſt this 2 | 


iameter, in the Table of Wine Areas, , we have 


| 9.26, which being multiplied by 125 gives 111.12 | 


ine Gallons, the Content for the firſt 12 Inches 
from the Top of the Back. By the very ſame 


Method, the other we: Area Se, were ob- 


tained , 
In -Order to form che preceding Work into a 


Table, whereby. the Quantity of Liquor in the 
Back, at any Number of dry Inches, may be 
known by Iaſpection; proceed thus: From te 


whole Content 618.75, ſubtract 9. 1 6, the Area in 
the Middle Ky the firſt 12; Inches from the T 

' Vis. 8 the Remainder 606.49 will ſhew 

the en ty in the Back at one Inch dry; again, 
from 606.49 take 9.26, e Remainder 597.23 will 

be the Quantity; in the 12 at two Inches dry; 

and by b in Werte ſame Manner for 10 

ae! e all get 

in oe Back at $4 4. 55 65 2 * 12 en, 


Quangities of . : 


r 0 
1 ; 
n 


N 1671, 
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From the Quantity at 12 dry Inches, ſubtract 
the 2d Area, viz. 9.55; and from the Remainder 
dae again the 2d Area, and fo on, till we come 
„„ 


to the 2 2d Inch; then proceed with the 3d, 4th, 
Sch, and 6th Areas; ſucceſlively, till we get the 


. 7 in the Back at 60 dry Inches; from which 


take 4th of the- 6th Area, and the Re- 


mainder olli be 10 Gallons (the Drip) if the Work 


is ee: 
1e i it mee perhaps, be reckoned. more 


* to determine the Meaſure of the Drip, or 


of a Tun, Cc. by Computation, than to 
Cover its Bottom (with Water) by a known Mea- 
pet Lcannot but think (becauſe the Inclina- 


the latter Mlechbd is far mere eligible; both with 


"HARI e than tb make 


uſe of ®'Qualitant, or any Uther mathematical. In. 


_- Krunicht, to determine this m] Inclination; and 
aſterwards to have the Meaſure of the 1 þ o find, 
by: a very troubleſome Compunacien. -* | 
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* T2 504-63 | 28} 349.91 
2h 9-551} 9-87 
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144 5-58} 30 330.17 
44: 265-4987. 
15 475-98] 31] 320.30 
16 466.43 32 310.43 
ess 10.17 
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1844/33 _ 34] 290-09 
{+ 0 IEEE 9:55 — * 
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1... 9:55] ez 
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+ bb 9.55 — 2 
21 418.68 37] 259.58 
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1 44 208.73 52103. 13 
4 8 . A. 10.56] 6.4| 10.83 
= | "I 43] 198 17 | 53] 92.30 
„ 1.83 
44] 187.01 54] 81.47 
W 10. 83 
45 177-05 | 55] 70.64 ”” 
„ 10.83 
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155-93]. 57| 48-98 
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| | Os r 
1 1 F = 49 134-81] 59] 27.32 
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 _ __ Itis to be obſerved, that, in tabulating any Veſſel, 
there is no Neceſſity for writing down (as above) the 

X Area at every Inch; but only to enter it on a ſmall 
Piece of Paper, and move it downwards as we 

| ſubtract, or add, according as the Table is to be 

m.aꝗaade for the dry, or wet Inches: And, that we 

may proceed with more Certainty, it will be ne- 

cCeeſſary to examine the Operation, at every different 

Area, in the following Manner. 
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G | Gallons. 
:Whole Cotes, e Pa. 120. 615.75 


oben 12 times the top Area 111.12 


Remains, at 12 Inches dry, 504.63 
Suben 10 times the 2d Area 95.50 


At 22 Inches dry 409. 1 
Subtract 10 times the 3d Area 98.70 


TV At 32 Inches dry 310.43 
Sabtnset ro times the 4th Area 101. 70 


At 42 Inches dry -is 208.73 * 
Subrea x 10 times the 206 Ke * 660 


Pf? 


G 


At 52 Inches dry 103; 13 
| Subtract 8. 6 times mente 99: ji 


— - 


Remains the Drip, or Fall, oy 


Sometimes the. Poſition of a 8 Wat 
Back, c. is ſuch, that it is found neceſſary to fix 
the Dipping- place thereof, at ſome certain Diſtance 

above the Top of the Back, which Diſtance is called 
the Curb; and, to avoid unneceſſary Trouble in 
Hbuladig the ene. it is always taken a whole 
Number, in Inches Suppoſe, in the preceding 
Example, there had been a Curb of 9 Inches; ig 


at the Time of taking the Dimenſions of the 
| =o we ſhould have written * | 


BE bd vb 3 
eee e 25 n 
% 1 l i ant 43 257 
5-4, Depth of te Back 61.8 Gel. 
oF LS n Drip 1.2 5 : 10 1 
Ern A 7 Nn \ 99 22 
Went Depth 60. 
eien A R a | 1 % 
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” g 5 1 5 C49 
% 1 Z 4 5 if 4 
EN TIE. N , 
8 88 


6 4A Fre S266 VUIz 
oregver, in tabulating a Veſſel where there is 
.a Curb, inſtead of e on Hr © Hat eſpn the 
1 50 muſk 


ches. Gal 7 


cage »aÞ tg. 76 ist, 
- +$O'\-v 60G. . 1 


88 


II 11 . . 597-2 
Reer e 587.9 
: ; . 80 2 vs 211 6 PER] 
. LES. Dimenſions were thoſe of a 
=_ 1 (ont 055 then the. Method of 
b M7 *Ontent, and tabulating the ſame, would 


differ di telittle from that above exhibited. 
For if from the whole Contem, ſduiſch in Barrels, 
Firkins, - and Gallons (and to two Decimal Places 
of a Gallon), we ſabtradt the top Area, reduced 
in like Manner) the Remainder - will thew the 
Quantity, i Jarrels, Firkins, Sg. in. the Tun at 
one Inch dry: rocced to d'the Quantities at Be 
ach 3d, Ach, St. diy Inches, and? likewiſe wit 
the ad „c and 4thoi&c;; Arras. — This — 
e ptebench be luffcientiy illuſtraed by rhe 
8 Operation- 52 $03 te go $15 vvods 
ot „duct * 1 NIC beg of * ur 8. } 269 
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Cramps 
1 Ae Prins Ke. 
Fo . "Tt 8 Wi know har Coppers and" Stills, are, 
2 . e fixed with their 55 2 mov 20 — 
co the Horizon, chef loweſt. art being at the 
Cock, for more Cohvenience of draining off 
the Liquor but this Inclination being ſo very 
ſmall, that the Figure of the Surface of the 
Liquor, at every . Altitude, may be conſidered 
2 a Circle without any, ſenſibik, Error reſulting 


8 59167 . | £29 5; thereiron, 


e he fame; 
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therefrom; therefore the Daene 2 de taken 
in the following Manner. 

Suppoſe the Fi- OE 


gure ACDEF to F 2 

repreſent a Copper, — — 

when fixed, and A ROE = 

; we Place of the & FFF 
ock; throb! h C, F 

the Center e or 


Piece "of F Pack: YT 
thread in ſuch a | 
Manner, that the pe Laika Diſtances Anand - 
Ds may be e ee „ and let Marks be 
made, on the Sides fe the 8. 5 M and P; 
alſo extend a ſmall Cod (or Pack- thread EF) dia- 
ahr, over the Top of the Copper, and with. 
one End. of the Dimenſion- Cane on tbe Center Cy 
find the neareſt Diſtance to the ſaid Pack- thread 
EE; that Diſtance (viz. 58 will de the internal 
| Altitude of the Copper. 


w let the Coppe c be marterech- at the Bottom | 5 


and Top, by the "Meik already. laid down at 
Page 117, for a round Back (ort Tun), and ler 
Croſs- Diameters be taken in the Middle of every 64 
J 8, 9, 10, Ge. Inches of the Altitude BC, 1 
ginning from the Top; that is, let the firſt Croſs- 
Diameters be taken, either at 3, 3.5, 4+ 4.8, or 
5. Sc. Inches from EF, and the ſecond Croſs- Dia- 

meters be taken either at 9, 10.5, 12, 13.5, Or 15 
from the Top, and ſo on towards C; then find, 
by the Table, the Areas in Ale Gallons, correſ- 
ponding to thoſe Croſs-Diameters, in the ſame 
Manner'as is laid down for Wine Areas, Pa. 119; 
theſe Areas being each multiplied by cheir correſ- _ 
| ponding Parts of the Depth, the Sum of the 


Products,, 


tas Tana 7111 of Sxcr. VIII. 


| Products, together with the Quantity which -exa&#ly 
4 covers the Crown ACD, will be the whole Content 
of the Copper. ACDEFE. . "x 


' 0 g 
1 a... * * 9 * 
; 7 2 
* * pt ä — — q 
bi 18 N 
at. wa 


a” 
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« BC, the Depth 55 Copper (ſee the laſt. 
p T nt as. be- 


2 97812 N 9785 
b ts 4 's 5 36 % 86.7 Half the Sim of the 
(38 -from-the Top): 94-3 1 9401 Croſs - Aer art 
12 from the Top) 93.40 C. J. . 9) 


— ak dy the Table of Ale (or Beer) Areas, 
Fe. the Work will indus follows. . 
; rg; 7 . + 25 # 655 i T | 
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M aL, Gal, Gal. B. F. O. Pu. B. F. O. Pts. 
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25 1060 "96.1 «1+. 25:72 . 270% 2 7.72. 7 o $-20 
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A TABLE of the preceding Work : The Method 
of forming of which has OO been a at 
Pa. 124. 


Inch. B. F. G. pu. Inch) B. p. G. pt 
Fullſzz x 4.29 [250/13 0 8.58 
| 4. 5 8.63 26012 2 5 
27111 3 4.2 
10 2 4.66 21017 3 CG | 
229 3 45-03 || 2gjto 1 8.94 : 
e 9 3 2.28 
4348 1 6.77 9 0 4.62 
5027 2 6.14 8 1 6.96 
626 3 6.51 7 3 0.30 
926 © 6.88 4.Ar.2 6.13 
8125 1 7-25 — 
9024 2 7.62 7 0 3.17 5 * 
10023 3 299 6 1 6.04 
11123 0 8.36 5 2 8.91 : 
i 12/82 t 5 0' 2.98 
1321 3 o. 10 4 1 5.65 
2. Ar. 2 7.72 3 2 $8.52 
e 3 0 2.39 | 
| 7421 O 1.38 2 T 5.26 
1 15 20 1 2.66 1 2 8.13 ; 
1619 2 3.94 x 0 2.00 
17118 3 5-22 || Remains to co- 
.,.18]r8 0 6.30 [ ſver the Crown, © 
1917 1 7:78 | . 
20.16 3 0.06 f 
- 21116 0 1.34 : | 
22/16 1 2.62 1 | 
I. 2314 2 3.90 56 5 
6+ + wivar rut n | I — 5 . 
ww 7 $ SY: 05 * 1 - Prov. ? 
Re, 
| 198 
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ins 75 W Ar kane in Ale 104 f Wi ne N and 
Malt Buſbels, ef a Veſſel (called a Priſmoid) whoſe 
parallel Ends. are, any difſimilen Recta Als and the 
= "4 it * feur api Sal 6 


137 5 i l p Bop hog | 
T6 the longeſt (of Mörteſt) Side of th "the Red an gle 


| 
| 


at eichier” End, add that, Side tel oth End 
(whether it be the Len Ki) which is 
parallel to it ;' multiply thi Sum 5 f Fm 


other two parallel Noe (vix. he's 5 the 
and the © ther at the ee and to the Prod 
you the' Areas of the tho Ends; this Hotal being 


plied by the. Height (or. perpendicular Alti- 
for Zh 


and 37 Product thereof divided by 1692 
$386 for en and 14902 for 
0 gives een oughu!“ ö 


| 1 ET . 


* 


8 ene — End, e 


: Redangies, the Length and Breadth of *the Top 
36 and ga, the Length an&Breadth ofthe Bottom | 
(being, in this Caſe, r ively” patalle} to thoſe 
3 48 ad de the Height 60 Inches; 
e Canzent of F Ton in Ale Gallons 

5 | Gen eto. 
ee e eee 

A 1 f 
rr e uf . 
at one End, arcleſs than t Sides of her ; and from 
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, patalle! to u and ö e . | 
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The Length at the greater End 48 
The Length at the other End which (in 1 65 
this Ca ON is CRF to #4 that above 3 


2 1 > e 74 
- The Sum of the * two OT Dimen- — 
5 . * Breadrhs Un Fuls Cale) — 
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N ed by 400 28 
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WT” — 2 tal 9120 
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5472 00. 
3 00(323. 41- Ale Gallons. : 
1386)547200,00(394.80 Wine Gallons. | | 
12902, 5)547200:00(42.4 Malt Buſhels. TE 


Some Authors have aflerted; that the fave Rule 
which gives the Content of a. Priſmoid, will alſs 
hold — in any ſtraight-ſided Veſſel, whoſe 
8 Ends are ” diſſimilar Enllipſes, and any eh 
how polited.; or if one End is an Ellipſis and the 
orher a Circle: * But it + any thar wy, . 0 
f | os "oi 
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130 | A 'Tzxzarise of Ster- vin 
is without proper Foundation, and ſeems to have 


— e from. the . OR Suppolicion 3 


Right-li R r ie : ed 11: Bm : 
: 2 5 — J let the Pofition of the Diameter be how it w 
na > © bx rig * t de :: 


tranſverſe OC==a, . the. Semi-co 
Obs, Od, the Abſeiſſa zez==x, and the Ordinate mazzy : Moreover, 
let Bd be (or Eb to mb); in every Pofition ef the Diameter EF, as 


10 ue Then o and Vs * = On; .-. Vial +53 X 


— whence mw 42/51 ut re bg 
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namely. if in ay Pyiſmoid another Prrait-fided © 
Veſſel (or Solid) be Bo ailed whoſe Ends are Ellipſes, 
'the Aer and conjugate Diameters 75 each, reſ- 
peifvely equal to the Lengths and Breadths of the ſaid 
Prima: that then the 5 e 10 the, Ends 


22 1 21 e 


W it; 1 9 (15 
* 4A. * — 2. 


wering to the Property of an Ellipse, and fimilar the given One ABCD': 
Bat if l, d e with EG, then d=a,”and ,*, the laſt Equation 


— 2 x ANTE, nn 
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0 | 7 1 1 is * . 2 * ne 7. . 
i 2148 n be 15 , 8 ; OAT * 
ab s AN 2 $3.0 W 
„ in che y fame as that which 


may be conceived to be Cefcribed e ie, to the given one : 
ABCD, in ſuch a Manner, that the Diftance between the two Curve, 
meaſured in the Radius-VeRot, may every-where be equal to . to $55 Va 
Kory Fr = let OE (Fig: VI.) W 26 9 8 


n= Lg 1 pena * S OY 
2 Ro L 1 
2 whence it is - ene 


Rabi of 8 5 us - | 4 


conſtant Quant a general Manner, ſuppoſing 2 
concentric Ellipſes deferibed, 1 g the r f the 2 
to the 2 of their tranſl — Die 5 
ptie) nm, meaſnred in — other ores 
| theo of the Semi- oonjugat N my 7* 
the ſame Method of Reaſoning, au in the preceding general Tas 
it will de found that the Figure of the Section, parallel to the*Ends 
Solid, can newer be an Ellipſie, unleſs the ſaid parallel Ends were henley | 
| and fimilarly pofired ; vis. the Tranſverſe and conj ugate re 
of each End, reſpeAtively parallel te one another; which Et 
obtain when the Solid is the Fruſtum of an elliptic Cone: 1e : 
7 ahh thee the de Cry {or ning the. nne of proline ae parte of 
w 5 


2 n E 
e rerillal to the Conjogate of the other : But if 


he Solid are diffimilar Ellipſes, and ſo poſited that neithee 
— . — 
——— Section 


. 


my we by 
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f of. ſuch a Solid, will alſo be Ellipſes:— But, that this 


cannot be the Caſe, the preceding Note will (I make 
no Doubt) ſufficiently. _ convince, every judicious 


Reader.— It may, however, be proper to obſerye, 


that the Content of a Tun of this Form may. be 
obtained with the greateſt Expedition, by the 
general Rule laid down farther on (derived from 


che Method of equidiſtant Ordinates), and the 


Reſult will be ſufficiently exact, if the Section 1 in 

the Middle be conſidered as: an Elhipſis; For the 
ſaid Rule is frifily true in every Rrait-/ided Veſſel; 
provided the Meaſure of the to Ends, and that 


of a parallel Section in the Middle, can be tray 
| determined Ky This e ee e eee MT 


| on, : rv 9 * 15 3 Th 1 bat 25 OY rage” 7 Sy": 
9 « : —. 4 
Wine hot ety ed ned O09 Nane * 49 oy „ 41 
Y ;E 1 . = ; 


| Hat er AO, Hi"; FER. VII. * _ — by wo 9174999 


To find the Coen, a, ere. in A and Win 


bt Ln 6s $14) vt rt New $72173 on) . Wh 8 * 


an t oft un *I il ns 4 oo? 1 d n davivitoc; 235 
2 aq 1 To 2 : vl 8 2 . 5 55 5 2 5 A, 
$ * 1 | A 22 50 Ay Þ NM 312 337 4] 
The Cube of the 1275 r rof (the Sphere-eing 
. Se i C. ooi 15 
— »— ps rx 
C. 000243. IMalt Buſh. - a! 
F548 50 ler Ae Cel ) 
4, % Wine Gall. 


1 


18 mill ere 'he © * 


oo Malt Buſhels r a iN 
e CALI IE DE eee 1 1 # ro „Arn A 442} 48. 
”-. - ** . * * * * +. . — bs * 5 ay ; 
gn 1 1 14 Bad wy +4 17 a. „ 274 2.346 108 4 $4: © } 
: TOS, 3 * = > £4.41 4:59 4 5 4 Ee i% n SS Mil? 
o , * ue c * — * 
Sint BY . E Net n Hora dens Wit 
FE 17 * 1 * * 
| r at 1s 


3 


PH 3.4: ht & G2. 3) er AD ra 


Wr Cement of x. Sphbte! (in; Als Gal 
=. whoſe Diameter is oh Inches: dg yes b 


lons, e pv 16 e 26 e 51 Wee, N 
NS 1 5 . 5. # 7 - + .. . 70 x 7 1 % 1 
* $523, 2 P97, 4+, » N IIS 5 OvxnarION. 
ae Ber eng aert will pe oye ate 34 4 cot ZW rn x bd 
re, "=: 
wot Lott and 20 1h 
4 1 
9 ry % 
"4 # oy 
4 * 


rer. Vin. GAUGING, _— 


„ A oF OS 3 * 91 5 
* * * - * F ** 
. 


DR BY ATIO Si 96.10] ho 


, , ; nay x ee-# z * 

. N op IP p | 
41 k 145 49 951 22 24 8 ' EIT 7 2 
4 Ti 4 &- 0 * BS. % 


W i 
vt 2 F. 34 8 331. * . 3 82 0 Sw tw % 


; SY. 
&# & ein 


* 


ol ” 
; 72 * — \ > 5 * A W* 5. * 8 ” * . - 
GUVITIST,Y +4 5 1 \ 3 4 28 © 
oli, 38. * | Bi C 192 8. har 3 


13 ** 212 


„nie * Tes ae 82 of. 


+ + 


* 
5 . 7 * 215 N . 5 14 * 
p * 98 * ” * 
5 GH Es . Wo. * » . AX 


4 JD * Y 3 i wo q 3 Q 
The cube of the Diam. 1 10692 ID 


538. 58)110592.0000(205.34 Al Gallons. 
441. 17)110592.0000(254.22 Wine Gallons; 
ace 3 . on: oy rer 


1 A 
e nag Ls! 


4 | be 
* - wt $4 » 
* . 
%t ry A 190. 4 A* Was WISE 
N * 


# , wv ; a , a * [ v4 . 
e 29 gy, 1 2 2 IT i 


8 21.0 on p. ſet 48 0 on 0. 3 | 


$64.12. 


1 of 295334} 
48 0 on p. we Gall h 1775 22 theabow Coa- 


k-th 
TS 5 K 26.920 7 207 75.4 

8 05 51 ger Tg. 1 S hben 

Eunm nl ng, ali r wir ok 


| Bechbſe che 'Conttiit of e every 'S; pere 15 205 of 

its circumſcribing Cylinder, it is kn that the 

above Multipliers muſt. be only ds of thoſe for 

the Cylinder (ſee Pa. 83), and conſequently the 

| Diviſors for the Cylinder, mult. dns art c 
3 yu 8 A i WR a 


- * » 
\ 
— 
4 8 
bu 
4 A. 
4 * 
8 * 
Fr ol 


234 (ATrzravier of Nor. VIII. 
There is another Way (beſides that given above) 
of ſolving this: Queltion By the 'Sliding-Rule, de- 
duced from Prop. 6, Pa. 50, to which 1 refer; 
and only obſerve, wy, that the three given N um- 
bers (in this Caſe) are . 


. 48 and .opi8567 for Ale Gallons. | 
I, 48 and. 2266 1 Gallons. 
* 85 e Male Baines. 


Exper: in. 


9 88 
Te 8 nugate Axes. if 42 bay ö 
8 1 1 7 g 
(ſee Def. 29, Pa. Ack lle Gallen, 
47 anollsD 21 e dos )0000, £0Þ012< 90 868 | 


enollsd 50177 & 8 9 0 90 101. 1 þþ 
LA 3M LH ) O. eco i(N oi 


. h 
| . gy An Ke GY the Conj == dg 


- plied, or divided, as in the laſt Propaſitio pes | 
| mg ag. 8 2 (I a0 eg > 


panel] rere. 


e Ss F 9a fach Du A 90 22. 


Let the con tone nt be 24.5 
| and the Tranfverk 28 Inches; 5 att 


Þ Al and d Wine Sog, and. al Ruſhels, 


263 38d3 309biv» ef 1 bail ) onidaAmwNir, 23t 
101 Sof: to 25 Jlno od flo iq 2vodr. 
5111 vhnsupolnod bas (£8- A ) Anil 201 
0 on 8 oe Ane 
| 5 OF 145 101 210711 


- 


. 
Sad 


| - 
— 
1 
— * 
* 
1 


1 


eee | 


£ 4 . * N 
* F 4 1 $0 94 5 2 | 4 „ «©. 
1 inn 1 a 24.5 89 * - 1.6 $408 $6.4 
„ © „ o x * 1 - l 
"LY * ** " 2 W 9 ef +> ws 4 " x 1 * ** 
x 4 1 f * L * 1 I 1 2 * 1 9 > * OY 8 24. gl: "= 745 # * 8 * 3 . 10 ft 
* 4 " 
k 8 4 * . 5 © P . 
ISS SS SS $4 tn YL . — 52 SS AH yh , 
5 T «& 4 A — 1 F «li N 7 wh 1 o ; £ o — — # o > 3 zZ * #4 t . CG * . * 9 
x - - 1 4 2 3 
e ier ® p . £32 TH 1225 Fx T1; v1 ; FELL SS 4467S 
* # 4 11 81 1 +4 4 4 LF 04 : : 3 : ' 3 2 


o , . i R F 


* 1 7 * ——_ * 5 # 5 « Py 
1 7 + A , 7 8 * {4 o LA 2 * 4 FI + 
_— # =. 123 1. * * 1.4 . - n 2 1 ++ 
490 <> Hadi 775 
. * „net 8 


The ; of the Conjugate 600.25 h ; 
” Tranſverſe 38 | Sf 


3 * 1 * 1 * 
v p 12 J 7 P04 . 0 of - 
E H © TY 6p N FRA 4 AL 1 4 a 
i -w , v, * 5 480200 * ' 
F *F * 8 of oh. 9 4 1 4 4 
* 2 414 2111 4 * 1 1 7 # {8 £ > 1 


* 

-_ 
be, 
* " 
> 
* 

> 
— 
—— 
7 
5 
— 
* 
Z 


332.5877885. 1 
441.17) 22809. 000(81. + W. Gal. 
4107 
Becauſe every e to Ads of its 
ee F e are the * 
Oe is e ay that for the Sphere. ; 
To 21.04 on ? 
64.1 | 
24:5 00 D, we ſhall have „ 
e 


The 21 
Diameter of its 


— * * Sat ; + : ö «> 
- 7 k 3 3 8 ; i : 
Ac 3 5,4. 12 4 L———̃ 2: 23 93087724 49 v4 ante 6 2 „ee e 


5 Sewn of 


1 8 . 1 pt 
— ; (EY _ 1 LS \ 
Dre OT obs „ I ee * 


; : # Ze I : 
4 > 


e bruce ser. vn 
. Rur. 8 


© 3 +6 the Square of the Altitude of thi Segment; 
Add three times the Square of half the Diameter 
bf its Baſe; multiply this Sum by the Altitude; 

and the product being multiplied; or divided, as 

in the Fe ding Propoſitions, 1 the Content 


required. Ns. 
1 


— EET * 
* 


5 37; 8 en reps i to 67 - 


| Vi. 


3 5 mh AB hs " Altirude-of the Tania ACD 
3h do be 12, and CD the Diameter of the Baſe 32 

1 Inches; required iti Content in Ale and Wine 
Gallons, an Matt” BURR. (3- 


| ra OH "56 Sees * Ot 
S. wt Ko ” £ C 
. 1080 Hoss PERATION. 
ee ieee > (4-344 | ; 
TORY 44 — 2 r t 98 2 ee 20 
8 n 


7 A is! ” the 121. g T5 9 8 N 4 
Y ee ho thy So = tags es pom 
the er ren ' plats) the rt e = 
„ R aid ten reif Wan 
537206 1 4; we hare, aud ray We 
8 r * * 


55 bd . " 
. | 3 + TO: * 
. = A 3 op ; 
= | EY * * nth idity of che Segment 
\ thy aw & 4 9 4 * 
\ . Fig Nr +4 444 ü 44 r 

„ gr of 
bu 


E I's \ ut 


3 
/ Ke * 
1 
7 + : 
* 


1 Wake | Conornpnr, 1 
E 1 5 Hane, If x be taken = « (= the whale Diameter [hag pede 
8 . thb abore FxpreSion * / the Cees "of "the lee. 


11 N nr 


; ee nity wh tint ys fb ws 
[ 5 eee. 8 


3 
— . * 
Fe . 4 * 
7 5 # 89 1 * 4 
* * » * : 
; i = R 8 {* 
TY 9 9 , 
{- 85 4} * Ny * a K 
2 n ON : 
dg TRI 5 2 * 


allen Is lice r Ghlinkter, e Diameter 1 CD and the a 


s | ren, . eme, — Sense, 4 50 


: 

* 
1 
$% 


OP ERAT TON. 


The 1 5 the Hg ol 144 
4 times the N 12 (16) we Wann 768 


2 s = Su 912 
8 e Altitude 12 
| 5 Ng + | S&: aa — * 
„ | 1824 
8 1 
ek, 301894 8086420. 32 Ale 4 44 1 * 
a e 17) 10944. 0000024. 80 Wine Gallons, | ; 


#107) 20944 0000{ 2, 66 Malt Buſhels. - 


8 


PL | por. X. 5 
e ah bottom Diameters, bad the 3 
e the Hauen of a Sphere being —_ 540 find 1 
1 OM _ een &c. | 1 | 
. Rel. A 5 


10 half Gre ay Squares "of tie ws 3 
bottom Diameters, add 4ds of the Square of the Al- F 

titude; this Sum being multiplied by the Altitude, 
and the Product divided by 359 294, and 2738, _ 
will give the Content in Ale and Wine e . 
| and Nit Buſbrls FW ; 


* * e . eee oh KA — es © * — 7 ws 
. S * 7 „ * „ — f 
0 This yy hy tia in ED Ik. 
best. Pos 


s 4 TIA 7 Seer. VIII. 
Note. 7 bis Rule is of great Uſe, in gauging 
of the — Part of a . 'as will be exemplified 
Jo 5 Fartber | | DB vil 


. Rank "Earn 


Lot the bottom Diameter CD (ſee the preceding 

5 | Figure) + be 34, the top Diameter EF 16.5, and 

the Altitude BM 7.2 Inches 3 to find the Content 
4 "i wo Fruſtum CEF D i in Ale Gallons, Sc. 


. $a 0 | *Opznarion. 


Harm Dan. ”* "Dips 16.5 5 7.2 
7. 48 1 


: The Sum of the Sans of | 
Evol the top and bottom 2 1 15 5 34.56 
Half of which i is 714125 „ 
a be- Squaroo . 2 is 3 . 


3 22 4 af. BS. : N 
2 | e den 48.68 
34 LEI” de . 

3 if * W * % * N ” N 


2 if 41 


* N 5 121 "of | 4 f 1 ” | 
* : « i | = 2 & N : "a y g 3 
VV 24973 Went ofthe: 
l > Þ * IS - * * fs : I ''S 0 0 f . 
** : - _ P it * ” 1 1 4 
3: 7 IBS, # „ f E 4 
x "+ þ wk 4 


4 5; 5 N WH, 2 5 Produ 5390. 5 Fey 
8938390. 67 Al Gallons 
—— 4903390. 53018 33 Wine Gallons. 3 e 
| kror. 


* ** 
— * 1 
* * "FI x, % 
1 85 - | 7 
N 8 i gh" 
0 8 1 
* 4 * PP * 
WA » p<" ; 7 4 * - 
: G Y * 
H we eee OT 23 - 
3 5 0 . 407 Ab 9 
4 3 y 4 hs 1 
4 2 Nu i y ” 4 * 2 
4 7 —— þ - 
60 3 
8 & 1 4 2 4 4 
. . C a 2 


Pro. XI. f 


2 be . and conjugate Si 1 a ha 
' being given, and alſo the Height of a Segment there- 


ho of ; to find its Content in * Gallons,  &e, "prin | 


32, Fx 66) * 


; i # 
on "I ,” | 8 
"$4 P ” * oY nn ot, * on 8 
v L „ N e 
0 7 | * : 4 


MY the bk contained under 3 cons ; 
Anis and the Altitude of the Segment, by .. 


ny, chr 83 multiply the Square of 
that Quotient by the Difference between three 
times the tranſverſe. Axis and twice the Altitude 
of the Segment; this Product bein; g multiplied, 


or divided, as in the Sphere ( Pa. 1 1350 _—_ the 


Hann ate | 


* : - 9 4 ö 
/ 5 Yn 4 1.4 £2 17 — e * 
4 736; þ 75 a . A at * * 22 „ T9 3 ; 14 4 4 
1 5 * * 


% 


125 K 77 


Soul old the tranſverſe Axis AB of a Spheroid 


to de W . Conjugate 1. 65 885 ue the Altitude 


9 2 ö Bx, 7 
| KY 70 i. hr be it 7 _ We; a | 
* Ie is bored, by the Writer, ee (ara) 


| about which the 'Spheroid ix ſuppoſed to be generated, be put , the 
Diameter = 6, and 32426, that the z Mesſure of a  epmant, 


3 RL 
Altitode is =, ill be expreſſed pep X — 3 K 


"9 x = e 
%4 A * aL 
ae x 2 
. eee 


, Wis . r. Fs T 


by 


EE ES we thall hw 1 52 for the Meaſure of the 5 ' 
| * Spheroid, Thien is two-thirds of RN * 40a, the Mak « of 'n 


. ON IO] wan b, _— 


2 
* 


e 
— 
— 


- <tc. + ere — 
ESP 
7 


: 9 | 


* 


3 


wad 


EE ot A 

"i. S 

J . * 
% N * 

2 

- * 

* 
— 


de 


Alt. ofthe eg. by 5 1 
eee 660 


——  — — 


= 


ien of Scr. VIII. 


Bu, of the Segment 4Bf, to be 16 Inches; requi- 
its Content in Ale and Wine Gallons, * 


L * % rd 
* *7 : 1 
* * 4 N t * * 
1 — 6 x 
. 1 p 1 
"Ss YL — . 


F 0 8 

VOTES IST 12 * * 2 2 2! * 
7 F 

: " - % * 
* { 8 * enen 4a” * * 22 ay 
93 1 * 
- 0 Ts 

— ——k—s. . 


© 4K of 


The Ges AB 1 


Tuloe By is 


1 1h 


2 5 = N. iS 


#. 


LI 
. 


2 


rae) 


* 0 


* 9 U 
WY + 
* 
£ 
A L * ca 
vs % » 
z 


— gong 
Nang by the Sq; of 12 (found abore) 144 


4 


— ens ens —_— 


„ 


. 
TY 3, - 


* tab wit” 4 


83 


332 


205 


2 


"x 


6. Gf 


F WEI 


Product is is 299 "= 


1 


EY 45 441.17) 2995 0000167. 9 1 


e $8 


2 
FY 


: = 
J\ 
"Ss 7 f 1 r # 
&Þ, * 4. A” 2.53. oy 
2 81 Mr MN. . 


N 4 I 2 
Y +44 N i 


* * rn he * K > 
3 


2 5 


010 [= 


91 


n 10 


588 


e e. 


8 
& -) 
, 
1 * 3 
* 1 2 # 


24 W 7 

* 4 Nee 

>; Wi 5 
7 


* 80 


* 


5 a ge” Pn, 0 . 


5 


N. 1 ' 


oi ies 55. 56 Als Gallons. 


Wine Gallons. g 


85 e (7.29 Malr Buſhels, 


4 " * ww 


* 9 


— „ 
- 


— 398 


* ee 


ner vm G , 14 
: NUB 0 
The Square of the Diameter of the Baſe, being 
multiplied by half the Altitude; and the Product 
divided by 359, 294, and 2938, Sives the Con- 
tent in Ale and e e 500 3 Buſhels : 
: RON 8 , 8 
5 an Ls 
| Suppoſe the Diameter of the Baſe to be 68.5, | 
: and the Altitude 42 ae, NY the een 
| Orpkavion.. . 
68.5 I 
4 3 . 5 3425 "as | e 
; OBS 3 ” 3&4: We S480 . 
| * W #3 4110 
Thes won YE PO Wc 4692.25 dg 
; "7 . IN 21 "= 5 VR 
| Se 1 © 469285 | 2 x 
THER F: 3 936450 4 Jo 88 


350058537 . ne 
e 294)9 8537.250335. W. Gal. 
n 2 e e e 


g ab b Fabe, Xin Eu ne” 8 
eee Dee, al te Mind of 
ide Fruſtum e | 
"MIO Ne Cn „Ke. | 


Nl. 1 


A Taru 


Szer; VIII. 


RE | 5 
„ derbe Sum of the Squares of the 1 hem 
Duameters being multiplied by half the given Al- 
tude, and the Product divided by 359, 294, and 
= 2738, giwes the Content in Ale and Wine OR, 
RS 0 uy 0 reſpectively. v7 
x 1 E x ru a 
7 Fae the rote Diameter of the Fruſtum of 2 
pPeerabolic Conoid he 45, the leſſer Diameter 27, 
And the Altitude 40 Inches; what is the W 
| p N in Ale Gallons, Se. 8 
5 5 FL E. 2 We; {4 N 
5 7 Dean ATION. 70 
; * * mY 2 ox" 125 * 
| TE 8, 77 
5 45 *7 
1 5 ill 225 N 
Bs, + "180 54 
5 - = C's * W a 8 — 
33 f c . 8580 04 1 2025 LF a 7 
„„ 85 3 C 2395779 
V <a — | 
#7 ol The Sum of the g_— 72754 7 ; 
1 Atte Alcitude 20 
3 N 4s 4s Fe 3 be Altirade N 8 
i, e NES 8 8 8 sert 55080 
Fe, 1 3 k * 99. 7 m £20 ES GP © ; | 
„ 359058080. 01g 3.42 Ale Fn. 
5 o(187.34 Wine Gallons. 
5 20-11" Malt Buſhels. 
34 oy Ga 5 
* Wei % wt hs ws va AN hab Qs) xy: | 
s LOI wii) 81 Win a „ V e eee, 
5 5 9 4 y 8 0 op mY I on G 
. LO 50 


* 
+ 


7 
* 
J 


Szen. vn. GAUGING tg. 


To * the Divan of a oft; a to 5 its 
© Content in Wine Gallons; and alſo a Method for ta- 72 
 bulating the ſame, fo every Inch ef its vob Depth. 


Su uppoſe ADO He 
to repreſent a Still, 
when fixed, and A 
the Place of Do” 
- Cocks, upon O, the 
Center of the Crown, 4 
(which is eaſily diſ- 
tinguiſhed, by a ſmall 
Dent made by the 
Copper-Smith), . ap- 
y the Sliding-Piece x. 
o that the perpendi- . 
cular Diftances An A 


and Dn may be equal to each 50 and let 1 


i 


* i 3 
5 , 
2 
1 
bs & 
% & 
” 


de made at r and 5, as already deſcribed in the : 85 5 7 


Gauging of a Copper, Pa. 125; then lay a 
Rule (or Rod LL) diametrically over the, Top 


of the Collar of che Still, and with the End g 2 
the Dimenſion-Cane on the Center O, find the 


| neareſt Diſtance to the ſaid Rule LL, and that 1 
Diſtance (viz. 20) will be the whole Lengths from 


which, the Depth of the Collar being ſubtrafted, 5 
ve ſhall obtain PO the internal Length of the 


Still: Now, the Dimenfion-Cane being kept exact- 
ly in the Poſition 20, with the Help of uhr 


AfMtant, ier the Pluib-Line be extended as a Dia- —_ 


meter IK, exactly at the Seam which is formed by 


joining the globical Part to the Body of the Still; 
and meaſure the Diſtance MO, which being taken 


ftfrom the whole internal Length PO, leaves PM 


on Alritude of the globical Pare 1585 K. 


d | 


2244 A Txzarnstof Szer. VIII. 
| Quarter the Still at the Bottom, and alſo 
4 at the Altitude OM, by che Method laid down 
(Pa. 125) for a circular Veſſel; then in Order 
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The Method of tabulating the Body of a Still 
(or indeed any Veſſel which is ſuppoſed to have one 
common Area, or a certain Number of different 


ones) is the very ſame as that given for a Diſtiller's 
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; Ba (th 1 N i ; 
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* Let PF (= 1 the Eh, Diameter, fe the following — 2 KM 
Edo the Altitude PM ==, 19 = x required 
| OM ==z; whence (by 47. Es. 1.) e fefa. 
| 2. „ 32 , 
V "QE. i. 


1. | e EY) 
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If the arithmrtical Progreſſion ihr aſcending 
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of which being added to the Square of half the 
greater Diameter, gives the Square of the Semi- 
diameter of the Globe ſought. (See the following 
Figure. | 
In the NY Example EP (or PF) is 13.5 
+ ASS 


405 
135 


— 


The 3 of 2 1 Es Diameter 182.25 
IM (or MK) is 28.125 and twice PM i is 18. 


9 a. _—_— ——- 


n (inftead ot 222) e that is, four times. | 
the firſt Progreſſion, 


— 


« . o % nd re nr ed apts oihy * * 


ti Cone A . 
If e eee 
we dippoſe of the Differences of the 1k and 3d, the 2d and ED 
th, che Ach and 6th; &c, Terms into a Series, we 
, Came 3s, Taras“, KAnn 16, Ve cont 


dans the common Difference of 


= on 5 SLED 0 Seer, VIII. 


1 Fe the Square of 29.32 (MO) is 9.6624 
h | Add . of 1 (KM) {5.56 $6 


Gives the Sq. of cheSemi-diam, OK (ON 1650. 705 | 
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"Having Ms n p * 
rained the ane f =E 
. | of the Semi-di- 
1 ameter of the 
| LE - 9 F 
6 the Segment 
FR FR 1 Pars 
| then, in Order to 
inch it we) n 
ſerve the following xfertwd- 72 
I. To halt the Square of the leſſer Diameter + 
„ add twice the Differente between the Square 
3 of the Semi-diameter Ox, And the Square of Om 
CE. viz. PO leſſened by me rich Ik to this Sum add 
= ., 0000 Pe. (i. „ ; this laſt Sum by 
.0034, and the Produk d uct W 88 true Se of 
the firſt Inch, in Wine ny nba f 
1 2. From the Square of the Semi-diameter Ok 
ey ſubtract the Square of Or (viz. PO leſs two 
| b Inches), and from twice: the Remainder take half 
the ot the top Diameter EF, multiply the 
Remainder by .0034.; then add this Produt? to the 
5 Quandt upon the xt Inch (found as above), the 
r Sum will give the true Meaſure of the 2d Inch. 
. Let the laſt mentioned Produ be reſerved, 
. from, which r Ec RE the Difference, 
8 ; | oo | 
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for the 3d Inch: Again, from the reſerved Diffe- 
rence take . 0272, add the Remainder to the 3d 


Inch, the Sum will give the Quantity for the ah 


*. 


Inch; proceed in the ſame Manner to find the 
Quantity for the 5th, th, 7th, Cc. to the laſt 
Inch of the globular Part. See the following 

4 | I 


* „ e * 1 — * . e oY 


—_— 


— 


M= 4 Inches: Then (by r) the Meaſure, in Wine Gallong, 
of the 3," 20, 3d, and gtb, e from the Top is expreſſed by 


. 5 


- 2 
—— + —+ +6666 X . 04. 
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— Ho + . 6666 x ge- 
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tune it appears, that the accurate Increaſes of the 2d Area (eedf) from a 


the the 2d, and the 4th fi the 3d 7 2 
e dt tothe acer of blf th Square N peer 
I 


om the 1ſt 9, the 4th (pb) the ad (cef), and the gth (ik). 
Half the Square of the 39 055 Sni. Thing/ lg 0 
of the ad Ares from the ꝝzſt, the 30 the A 4th froq the 39, &c. 
are-equal tothe Decreaſes of 207* from 2OM2, 2044 from 20, Sc. Now, 


f / 
by the preceding Corollary, 20M*—2 * OM 2.5 ſs 2 X OM =] — 
2x N= f is=$ (becauſe u, in this Caſe, =2, and .*, 2X 2n*=8);, 


conſequently the Difference between 2 & OM — Or and 2 * ON —O03, 


o 


ef* 4% 


being multiplied by «0034 (in Order to reduce it to Wine Meaſure), 


+0272, the common „or Subtrahend, according as we begin 8 


the Fruſtum, at its greater or leſſer End. Q. E. I. 
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which being added to the Quantity contained in 
the 2d Inch (found as above), gives the Quantity 


or (hich js ſtill the ſame) the Difference between 2 & 7 - 7 : 
z 1 | : | f 
„ =) tax nas (i — =) = $:* Which 
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Gives the true Quantity, for the 
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. H alf the Square of 77 (the leſſer Diameter 
| EF) is 


Tube . of the Semi- diameter 
The Square of 37. 32 (Om) is 


* | a "_ — 1 —— * . Difference 0 
Multiply by 
a ; 


* A . 364.5 


1650.67 80 
1392. 7824 


257.8956 
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The Sq. of the Semi Ty. 
| 28 dere) b. v. Fiche 6b. 


Sub. the Sgr. 3663 (00 1319-1424 


ade ede Remainder 331-6356 | 


The Double of which is" 66 3.0712 
Subtr. . 8 27 (EF) 364.3 Sit 
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| the whole Content of a Still, 


(if any happen in. the whole Depch 5 | 
in the bottom Krea :* See Pa. 143 


792 4 10 N Szer. VIE 


It muſt be allowed thir;- im the preceding Method 


of gauging a Stilf, 2 very fnall'Errvt may ariſe, 


on Acebent ef a littſe Thelination'which is uſually 
give „ When fixed, as was obſerved in Pa. 


124: indeed is there any Method for 


— — — — 


5 mg an at inclined, Still, that I know of, but 


what. is liable to ſome i tion. For, even ſup- 


5 7 ng. We. take the Crofs-Diameters parallel to the 


orizon and eon ſider the Surface of the Liquor, 
in any Paxt ef the Body of the Suill, to form an 
Ellipks- (inſtead of a Circle), we ſhall then find 
that the Content of the globular Part of the Still 


cannot be truly determined by the general Rule 


iven for that Purpoſe: Beſides, the Line PO (ſee 
he Pg. Pa. 143) wilt' not, in chat Caſe, be the 
ofa of the Still; for that will be repreſented 


the e iſtance of two horizon 
B be Ls” 2 h the higheſt None l. 


| 4 ths iche os che bet . loweſt Point 
oy : A of the Still; which 


er 
ut very little from tie Diſtance 
vs. Fo: Pa; 143), ought to de © truly known; 


| — Fry would. 1 es pt 0 222 


impracticable) to effect. 
t may be proper to obſerve, 


be Waben if the Altitude of t C1 o Jo 


Some Authors conſider the A ien o of 185 


Copper, or Still, in the Form of the Segment of a 


here, and alſo the Part ArO A (ite the Fig. 
4. 143) as the Fruſtum on a N Condid 2 


Cone; and therefore the tiry-of Liquor to 
cover; the Crown * then eee by the 


n 


+ 
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foregoing Prop. viz. by ſubtracting the Meaſure 
of the Part AODA from that of Ar DA: — But, | 
on Account of the Difficulty of obtaining the rue 4 
Diameter and Altitude of the Crown (even ad- 
mitting the two Figures to be as above repreſented), 
I apprehend that that Quantity may be found, with 
much more Certainty and Expedition, by covering 
(as exact as poſſible) the higheft Point of the 
Crown with Water, and then carefully drawit 
off the ſame, into a Veſſel whoſe Meaſure is truly 
ers. 1 ay be he De 
e. It ven a the 

(or RB, we oor 4 begins | the pe 
Dia meters, Sc. cannot all be taken at equal Diſ- 
tances from each 8 or, which comes to te 
ſame; the ſaid Depth cannot be divided, without 
a Remainder, by / Number of Areas neceſſary 
F nnn to be taken: In that | Circum- ' 

age, I 3 it will be the beſt Way to 
conſider ſuch Remainder i in the up 5 Area, 


as that Part of the Veſſel will be che feaft fabjett e to 
cauſe an Error, in any Charge which ma ariſe 
from it; not only becauſe. the Surface of the Li- 
= ſeldom - reaches that Area, but alſo becauſe 
rait-ſided Veſſels (as Guile-Tuns, Waſh-Backs; e 
c.) generally ſtand NPY their STE Ends: See 35 


Pa, 119. 
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+. Method, can be given, whereby a Perſon can, with 
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SECTION IX. 


Or Cas x-GAUu GING. 


5 1 this: Subject, to include among the Varieties 
of Caſks, thoſe of the following Denominations; 
 * namely, the Fruſtums of two Parabolic Conoids, 
and Cones, each of theſe abutting (as it is uſually 
termed) upon one common Baſe. _ 
But it is well known, from common Experience, 
that every cloſe Caſk, whether Pipe, Butt, . Hogs- 


I: has been a general Cuſtom, with Authors on 


. 


bead, Sc. and of what Variety ſoever, is always 


found to have a Continuity of Curvature at the 


1 "2 Bulge, and not to form there an Angle (or ſharp 


Ridge), which will be actually the Caſe, if we 


cConceive a Caſk to be formed either of two Fruſ- 


tums of Parabolic (or Hyperbolic) · Conoidt, or the 
Flruſtums of two Cones: Therefore, as no ſuch 
--” Caſks as theſe are ever made, it cannot, I preſbme, 


be deemed a Crime to expunge thoſe two Varieties; 
as they have hitherto only embarraſſed the Subject, 
1: 3 the Learner, and even rendered every Per- 


* 
722 
* 


on, concerned in Caſk-Gauging, more liable to 


fall into Error. 


There is another conſiderable Imperfes tion in 


4 


per to take Notice. 


Ex this Branch of Gauging,' of which it may be pro- 


T1 4 N * .% 
5 3 # F 
. ” 


| =; ag 
5 I Ned, 
4 3, 


3 


Broad on this Subject, that there is no Rule, or 


| 2B, any Ow of Certainty, determine the Variety of 
0p Caſk; that is, whether a Caſk is in the Form 


the 


It has been aſſerted by many Authors, who have | 


/ 


1 
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of the Middle Fruſtum of a Spheroid, Parabolic 


Spindle, or Hyperbolic Spindle. - 


It is true, indeed, no Rules can be given for 


determining the exact Form, or Variety, of the 
Caſk ; yet I preſume thoſe, which I am going to 
offer, if duly attended to, will be found of ſin- 
gular Uſe, as they will readily diſcover to us, 
what Variety any Caſk, very nearly, approaches to; 
that is, whether the Caſk may be taken as'the 
Middle Fruſtum of a Spheroid, or of a Parabolic 
or a Hyperbolic Spindle. a | 

Some Authors direct us to judge from Expe- 


rience of the Variety of the Caſk : Others divide 
the Difference between the ſpheroidical Caſk, and. 


that compoſed of the Fruſtums of two Cones, 


into three, or four, equal Parts; and then attempt 


to lay down Rules for determining theſe different 
Varieties. NN | 


Bur (even n oflible that a cloſe Caſk. 
e 


could be formed of ruſtums of two Cones) 
theſe Rules appear to be arbitrary, and to have no 
Foundation in Science; and likewiſe ſeem to be 
derived from a Suppoſition that- all ſpheroidical 
Caſks are the Middle Fruſtums of ſuch Spheroids, 


whoſe Tranſverſe and conjugate Axes. are in ſome 
conſtant Proportion; or, which amounts to the 


ſame, that every ſpheroidical Caſk has the ſame 


Degree of Curyature; but a very ſmall Knowledge 


in Conic Sections will be ſufficient to convince any 


One, that there are a vaſt Number of different 
Forms of Ellipſes, and conſequently Spheroids: 


— I thought it would not be improper to mention 
this laſt Circumſtance, in Order to rectify an Error 


/ which fome are apt to fall into, by imagining thoſe. 
Calls are e eee Form, which appear 


to haye but little Curvature, or whoſe Bung and 
Head Diameters are nearly equal to each other. 


. Although 


— 


1 


„ 


4 


| Fruſtum \ Pardbolic 87 Andie 


1 25 bel 3 its Content is Hart too Intricate for. 
pra Uſe | 


| 7. baby the FEY * 2 gaudi; OY 4 in 


15 5 the Fo rizon:” Firſt take with your Rule 
ö io ieh to us . 25 the 0 Edge (or 
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Although it may be ſaid, that the following 


Method is too tedious for ording Practice, 


for the Officer to aſeertain by it, the Variety of all 


the different Caſks which daily fall under his Inſpec- 


tion; yet I dare venture to affirm, that whoever 
will take the Pains to make themſelves acquainted 


with the following Directions, will not only be able 
to diſtinguiſh, very #early, the true Variety of the 


Caſk; but will, moreover, have a better Idea of 
it, even by Iaſpection, than by any! Method hither- 


to delivered for that Purpoſe. 


The different Forms of Caſks, with Regard tq 


theſe four Denominations : 


5 Curvature, may be juſtly ee under 
Viz. The Ellipiic & pindle. 3 


2d Variety. 
of the rholit Spinale } 3d 8 . 
But as it very ſeldom (if eyer) happens, that 4 


7 


Middle a . Ja N U 


cloſe Caſk is found to contain more than the Mid- 


dle Eruſtum of a 1 it will therefore be 


unneceſſary to give any Exam. les of the ellix ptic 


Spindle ; — And I have -purpoſely-omitted the cir- 
cular Spindle, on Account of the near Aﬀinity i it 
bears to the f pheroidical Caſk; "beſides, the Rule 


2806) 


"1 tpeditious, general, Method of keen, 
* nearly, the rue Variety thereof. _ wad 0 x 


1 AEFBDCA repreſent ca 1 upon 
nerd with its Axis ( perpendicular to 


from the Inſide of the Chime (cloſe - to 
Thicknels) | 
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Thickneſs) of the op- P 2 2 
poſite Staff; that Diſ- 
tance will meaſure the 
Head - Diameter within 
the Caſk, very near). 

Then lay any ſtrait 
Rule (or Rod PQ) on 
the Top of the Caſk, af 
paſling over the Center 
087 the Head, and 
let a Plumb-line, nt 5 
Nooſe at one End, be 
flid back ward and for- | — 
ward on the Rod (P 42 92 
till it juſt touches the Bulge of i U Caſk at 4 z 
meaſure, carefully, the Diſtances from the Nooſe 
(G) to the out-fide of each Chime at E and F, 
and from their Sum (viz. the Sum of GF oy 6 
SE) take twice the Thickneſs of a Staff at the 
Bulge. of the Caſk (as your Judgment directs, ac- * 
cording to the Size of the Caſk) and the Difference 
(AB) will be the Bung-Diameter require. 

It is unneceſſary to give any Directions for taking 3 
the Length of a ok in this Poſition, ſuppoſing 755 
there to 5 a Hole in the top Head. 

But, to determine the Variety of the Caſk, 
proceed thus: — Let 4th of the internal Length 
of the Caſk be ſet off, from the Bulge (A) towards 
either Head, on W (GAW), or 
rather, upon an Rod Ix 
in that Poſition; "thay: is, let An be 0 : 
zth of the internal Length of the Caſk : Then 


if the perpendicular Diſtance (un) from the Ro WET 


to the Caſk, be equal to 4th of the Difference 
between the Bung and Head Diameters, the Cal 
* "0$; 8 near FE not OF, on | 


£ 


| W on AE = AH; Te RIS FIR 0 


* 


* 


188 A Taranian of Sz: IX. | 


Form of che Nliddle Eruſtum of a Parabolic 
Spindle :s But if it be leſs than 4th of the Diffe- 
renck of che Bung and Head Diameters; the Caſk 
will be greater than the Middle Fruſtum of a Para- 
bolig Spindle,+ and therefore may be taken as a 
ſpheroidical Caſk : And if the ſaid Diſtance (mn) is 
reater than xth of the Difference of the ſaid 


Jiamerers ; 3 the Ca „being then leſs than a 
. a Fee 8 
* 7 + 25 2 

* 2 H "I VIP 14 1. 


* 1, every conical: reel (Fig. x.) i any two Ordinates be drawn 

to each other and ; diculer to the Axis and ſo that one AE may 

the Double of the order! 35 e e. a CE, exactly equal tg 
fer nes the otber Abſcifſa'Cb 


"for, by th Proery e 0. Our, Oh : CE i: Hht APs; but, by 
ahh) t: we Ro if 


113 20 Pod is 3: Lakes 1 eee 
47 EHE (Fi Xt.) ) if any 5 foo Ordinates be drown * to 
1 2 2 0 ST _ „ nn Maſe, » bs 

the other Hb that t ter a CF, wi e 'h 

Le hen fer Pee Is Ob», ay 1 5 

i Let be e e of any a6, be. 
by: = and # reſpeRively 3 alſo let x and CF=y; then, y the. 


| 8 
de of 2 r we have Tanna, x ns. , 


2 


. rs but, aided e . FE we e ed | 
= & ad 3 N . + #4 4 LIL 1 a 
ore 40948 = Hence it is is. very plain, that if y be taken 

ual to ( f leſs n= 4x the above Equation i is impoſſible ; fork becomes | | 
4 AI for 2 Se 6, or , in e 
at” if, fr v, dx be wrote in the e en bee, 
reſent any 7 Number” whole or broken) greater than #3 


—_ 


it_appears,' that the above obtains in a Circle; that l. 7 
* drawn, t one is the 


le. of the ovber ; then the verſed Sine, of the greater Segment, will, 


7 Mot 42 ation becomes, a poſſi e . from whence the Value of 


| Ne the Sine of the Leſſer: The Truth 
E. as 9 e ee eee 


— 
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Parabolic Spindle, : may be conſidered. of che gd 
Variety, or the Middle Fruſtum of an hyperbolic 
Spindle, : "5." <1; Ho, e v6 108 


Let ACDBFEA repreſent a Caſk lying with 
its Axis parallel to the Horizon: — The Head 


and Bung Diameters are here obtained in the ſame 


Manner, as the Head Diameter and the Length were 
in the ſtanding Caſk before-mentioned. . ' 


+ The moſt expeditious Way of taking the Length | 
is, with a Pair of Calipers; but ag it cannot be 


expected that every One, concerned in the Art of 
Gauging, is furniſhed with this Inſtrument ; I ſhall 
therefore lay down the following Method. 


| 


ply any ſtrait Rod (PQ) to'the Bulge of 


A 
the Cack, in ſuch a Poſition, that a Plumb- Line, 


4 I 
4 
* A. . 


Fg «ti A L 1 


| 1 5 45 LEMMA 3. 
2 If reve Ordinates { ; XIL.) be drawn in any e 


tothe Axis CO, ſo that the one EG, may be juft; the Double of the other ebg © *© 


_ 


then <vill the leſſer Abſciſſa Ch, be s more than Itb of the | 
CG, N 1 n 


Let the irinfecels pnd conjugate Diameters of any Hyperbola, be 48000 
by mand u reſpeCtively ; alſo let Ch==x, and CG==y ; then, by the Property 


ef the Curve, we have ma x — = aba, and likewiſe gf K 


vently my+y*==4mx+4x* 1 Hence it is evident, if, inſtead of 5, there be 
| yy (fort: 41 2: y), the above general 55 
/ hetice the Value of x may be found, provided d repreſents. my |Numbes| 
(whole or broken) leſs than 4 and greater than 2 ;, otherwiſe, it is 
plain; "the Nate would be abjerd + Hees alle the Troth 8. oay 
manifeſt," Q. Z. I. c e 


of 


being 


7 3 7 * - 
ko-; but, by Hypothefit, EG = 26h z .. EG%= , conſe- 
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oth 
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ded on the Rod, may paſs over (p) the 
| Center of rhe Head, and obſerve to keep the Rod 


equally diſtant from each Chime' of the Caſk : 4 


This done, and the Rod being kept exactly in this 


© Poſition, lay a ftrait Rule acroſs each End of the 


Caſk, to meet the top Rod in R and S; then let 


I the Diſtance RS be carefully meaſured, from which 


ſubtract the Depths of each Chime, together with 


* 5 the. Thickneſs of the Heads (as your Judgment 
g ixects), the Remainder 
of the Cage. 


will be che internal Length 


24 r * 
a 
PB: oat iS Rs, 
| © IB. * : ke a 
7 — — - — 9 
. - . * 
. - 1 * * 


3 * 
a 


* 


T The Variety of the Caſæ way be obtained, by mea- 
Nog ſuring the perpendicular Diſtance un, and proceed- 
” iog.in the very ſame Manner, as above directed. 


hough it is demonſtrable the Property of every 


% 
- 
+ 


ipheroidical Caſk is fuch, that the Diſtance mn. (ſee -* 


a5 . * . 
. „„ 
* 5 We 935 þ 

HY, 7 2 


A > 1 
C * 
a 7 * e IS 
. n > 
- j : . 


the Figure) may be any Quantity leſs. th 


* 
. 


and yet may, perhaps, be a ſmall Matter 


either greater or Jeſs, than the Middle Fruſtum 
of a Spheroidz in which Form it may, however, 
\ always de taken, under the above Circumſtance, 
wibout ſenſible Error: — The ſame is to be ob- 
emed, wick Reſpect to che other two Varieties... 
W 8 | 1 . 5 A Perhaps 


* 


an ith of 


te Difference between the Bung and Head Dia- 
maeeters; nevertheleſs, as various Curves may be 
dAdeeſcribed through the ſame three Points, this Pro- 

| perty may hold ood (with Regard to thoſe Points), 
: the 


” 
* 


- 


* 
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Perhaps, ſome Readers may look upon this 
Method of determining the Varieties of Caſks, 
as a Matter of Speculaticn only, and not to be 
regarded in Practice; but, I apprehend, its Uti- 
lity will ſo remarkably appear, in the following 


Examples, particularly in finding the Contents of 


large Caſks, as ſufficiently to obviate all Objections 


0 


in Ale and Wine Gallons; whoſe Bung Diameter 


is 32, Head Diameter 24, and the Length 42 


Inches. | 


Suppoſe, by proceeding according to the fore. 
going Directions, the Diſtance mn (ſee the laſt Fig.) 


was found to be ſomething leſs than one Inch (i. e. 
leſs than 3th of the Difference of the Bung and 
Head-Diameters) z conſequently, this Caſk, having 
the ſame Property as 2 Spberoidical Caſt, mu 

be gauged as ſuch by the following genera! 


1»*}- 


* * 


* 


„ 


* 
' 


uare of the Head-Diameter ; this Sum being 


multiplied by the Length, and the Product divided 


by 1077.15 (viz. three times 359.05) for Ale, or 


by 882.36, (three times 294.12) for Wine Gallons, 


will give the Content required. 


c 
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To twice the Square of the Bung, add once the 


= Tx FAT 188 Tl Ste. 


. Orznarion, 5 


* N 1 4 % 0 


+ 5 wha © Buog-Piamerer 32 . | Head-Diambrer 24 
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3 7 10% 155 1020 (70s Th as ess: 
ET 5 Utent in Ale Gallons. 
1 423 . being divided by 882.36, the Quo- 
1 d will 5 $A 9 wg Tn in Wine Gal- 
1 8 Mare, la Practiee 1 we ky. STAY the r 
3 | erimals in bt: COIN N wy matorial - 
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* 1 Pere it is s propoſed to find the Content of a 
"Hon 1 in Wine Gallons, whoſe Bung-Diameter is 
5 dee mee 39. 2 57 the Length 110 


. g 7 \ 


Suppoſe, 


9 VI 
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Suppoſe, by the Directions given in Pa. TIA the 

' Diſtance mn der either of the preceding Figures) 

was found to be 3 Inches, which is leſs than ꝓth of 

(26) the Difference of the Diameters; therefore 

this Caſk, having the Property of every Spheroidi- 

Hog muſt allo be gauged by he laſt general 
ule. 


a oOorrs Aon. ee ag 
Bung-Diamerr 65 Head-Diameter 39 

bs CITE 

: . 
300 OED! a 
The Sq. of the B. Diam. 4225 1 of 25 1521 
The Double i is 8450 * 4 
Add 1521 e 

„San re N ; 


Mutt by th Leng „ 


„ +; DTIC 
br. e 


Fs” 3. i 


La ben abe de Cinterk of a Caf 
in Ale and Wine Gallons, having the ſame Length, 
— and Head-Diameters, as that in the '1ft 


Example; only let the Diſtance mn be hs | 
to one Iach. | 


_— 


, 
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Here, the Diſtance mn (ſee the preceding Fig.) 
being equal to th of the Difference of the Head 
and Bung-Diameters; this Caſk, therefore, having 
e the very ſame Property as the Middle Fruſtum of 
every Parabolic Spindle, muſt be gauged by the 


following general 
0 kf. | 
| *To twice the Square of the Bung Diameter, add 
1 the Square of the Head- Diameter, and from this 


SBlaunm tale ths (.4) of the Square of the Diffe- 

F the ſaid Diameters; multiply the Re- 

| mainder by the Length of the Caſk, and divide 

the Product by 1077 for Ale, or by 882 for Wine, 
and the Quotient will give the Content required. 


R OrznRATION, 


Ay s 4 


4 


32 24 

2 I i 

N 48 

5 eee een 175 96 
„ „„ ö 


8 Toice che Sq. of the B. Diain. e. 
8 8 the Head- Diameter 576 


2624 5 


— 


8g. of, the Dif. of the 
Diam. multiplied by l 5 


. HE Differeace pk 
5 dae by the Length 4a 


51968 | 
103936 


1077)109132.8 (701. 9 
Fo 32.8 "And 


- . 


* 
5 * 
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And by dividing by 882 (viz. three times We ee 


the Quotient will be 12 3: 7, the Content in 
Hape 


\ 


Cz pd 4: 


Whettin i it is propoſed to find the Content of a 

| Caſk, in Wine Gallons, having the ſame Dimen- 
ſions (i. e. Bung and Head-Diameters, and Length) 
as that given in the 2d Example; only ee the 
Diſtance nn to meaſure 3.3 Inches. 


In this Caſe, che perpendicular Diſtance mn the 
the preceding Fig.) » very nearly, equal to jth 
of (26) the Difference of the Bung and Head- 
Diameters ; this Caſk muſt 1 be ga e g 
the Middle Fruſtum of a Parabolic Spindle, the 
laſt-mentioned general Rule, 


OPERATION. N 
The Sq. of 65, the Bung-Diam. is 4225 


| The Double of which is 8450 
The Sq. of 39, the Head -· Diam. is 1321 


Sum 9971 
The 89 of 26, the Dif. of Diam. 


mult. by 4(% 676 mult. by. 98 78 


Difference 9700. 6 
Multiple by the Length 110 


— i 


9750060 _ 
| 97006 "i 


1 . 058 32 


+1 


„ 
5 . 
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and ez conſequently the hyper 


The Content of this Caſte will, by dividing by 
207), come out equal to 990. 77 Ale Gallons. 


As no general practical Rule® can can poſtibly be 


| giv en for finding, accurately, the Content of a 


aſk: compoled of the Mille Fruſtug. of an 


Hy Hyper bolic indie, which we here denortiinate the 


22. 7 Variety: therefore the beſt Way, when ſuch 
afks do occur, will be. to have Recourſe to the 


following general Rule, which was firſt, and very 


judicioully, introduced into the preſent Subject, by 


| 5 es Mr. er e Tin Method 


er 


2808 2 Wr 8 17 F 133 
a = i th a 4.6 Aras. 3 8 va weed} Þ to 2 4 2. 
— 


* Wo I's. - o 


if ſe was area; . te raficdl a Rule, for determining. 
he the Middle of an 72 re Spind la, as thoſe are for 

3 Caſk, and Parabolit then the Buſineſs of Caſk- 
Gauging might be juſtly ſaid to be — th complete; fince the Meaſure 
of the Fruſtum of the E N Spindle, will be ever ſome Quantity 'leſs | 


than the Frufum of a parabolic Spindle, and greater than that of a Cone, 


the Diameters and Length being ſuppoſed the ſame in each Fruſtum. 


For let An BC HDA ¶ Fig. XIII.) repreſentthe Fruſtum of a parabolic Spindle, 
and AnBQrDA that of a Cone; let BE the Difference of the Diameter, 


and from F, the Middle of AE, draw the g Fa; alſo draw ne 


and we, wack, parallel to AEt Then (b 1) Be = A BE; but 
B. IBE; therefore D from the Point 


of Interſection of the Diameter mn, and any hyperbolic Curve, 


through A und he Vertex B, may fall any-where between the Points 7 
bolic Curve may continually be varied, till it 


decomes coincident either with the;partbolic Curve An, or the Right-line 


AnB ; and that too, without g the Diameters AB and BC; and the 
Length AE, ef the aforeſaid Fruſtums ; or, which is the fame Thing, the 


Abſciſſa Bu, and Ordinates AE and ne, of the hyperbolic Curve. 


By the very fame Method of Reaſoning (ſuppofing BG drawn parallel to 
AE, cutting am prod: in 4), it will appear (by Lemma 2) that the elliptic 
Curve, paſſing from A ta the Vertex B, t deſcend ſo le as the Point m, 
nor yet riſe-{& bigh as ; confequently no ofe Caſk whatever (where the 
Vertex of the Qorve is poſited in the Middle of the Caſk) can fcarce contain 
more than the Middle Fruſtum of an Elliptic Spindle, nor leſs than thar 


| fn eh: under the ſame . i.e, Head, Bung, and 


n 


e +6ant; 


e Appears that tyo C3, compoſed of the Middle Froftums of 

ie Spindles, may have their correſponding Dimenſions equal, (I. e. 

the Head, Bung, and Length) and yet the Contents of theſs Caſks may 

_ greatly differ: The ſame is to be obſerved in the 3 n 
e 


ben DD 8 A U. 8 ING. 167. 


evidently follows from that of equidiſtane Ordi- 
nates (explained farther on). 


Note. I ſhall hereafter exhibit a. Table of Mul- 
tipliers, for reducing a Caſk, of this Form of 


Curvature, into a Cylinder; theſe Multipliers are 


adapted to a Caſk af ſuch a Degree of Curvature, 


as I found (from repeated Experiments) would 
moſt frequently r pe in this Variety.” | 


oy HE Gian Vier gltin = 


Having the Length, Burg and Head-Diamtters of a 
Caſe given, and alſo another Diameter taten exactly 
in the Middle between the Bung and Head; to find 


| the Content of the Caſk in dls and Wine Gallons 


RI) 


Tux Genn Rur z. 


10 the Square of the Bung-Diameter, add che 
Square of the Head-Diameter, and alſo four times 
the Square of the Diameter taken exa#ly in the 
Middle between the Bung and Head ; the Sum 


of theſe multiplied by the Length of the Caſk, 


and the Product divided by 2154.32 for Ale, or 
by 1764.7 for Wine, the — mill be the 


required Content of the Caſk.“ 


Note. The Middle bed is ally found, ad by 


ſubtracting twice the perpendicular Diſtance 


7 the Fg. 6e Wap from rhe: Buog-Diamecer, 


eee ee kraut: 


"| 


* 4 


| two 
iS tems. Areas, and "four times that in the Middle 2 22 the 


zum by one - fixth of the Diſtance of r 


r nr 


os * 


83 
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EXAMPLE 5. 


To and che Content of a Caſk in Wine Gallons, 
1 the ſame Bung and Head-Diameters, and 
Length, as that propoſed in the 2d Example; 
only let the Diſtance mm, wo here eren equal 

0 455 Inches. 


The Diſtance mn „ (fee Fig. Pa. 160) being, in 

this Caſe, more than 3th of (26) the Difference of 

the Diameters; this Caſk, therefore, having the 

ſame Property as that compoſed of the Middle 
Fruſtum of an Hyperbolic Spindle, muſt be Huge 
+) | bythe 0 general Rule. f 


1, © OPERATION. bf 
Bung-Diameter 6, 5 
Twice the Diſtance mn (4. 55) =-9.T "4 


The Diam. in the Middle between? 
the Bung and Head 5 TI, 


| 6 8 The Square whereof is PTY 
_ 25 LID ffs Multiplied by | A. 


ha ©. Gives 12499-24 | 
The Sq, of 65, the B. Diam. is 42253 


8 8 wo 18 mags Diam. is 1521 | 
| Add 12499.24 | 


1 * 5 
© Muljplied by the Louth EO IT 


1535245240 
1824524 


N : 
p z 


_ 7(2006g76; 491137: 29 
: 'By : 


= the Coment in Wine Gallons. 
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By comparing the procecing Content, with 
a 


that found for a Caſk of the ſame Dimenſions, 
in Example the 4th, it will appear that a very 
conſiderable Error may ariſe from computing the 
Content of this (or any other) Caſk, by the uſual 
Methods of only gueſſing at its Variety :—It is, 
indeed, very certain, that this laſt mentioned gene- 
ral Rule will give very nearly (and ſometimes. accu- 
rately) the Content of any Caſk, let its Form be 
what it will; and the nearer the Head-Diameter 
approaches to an % er with the Bung-Diameter, 
the leſs will be the Error. — But as we now have a 
general practical Method, for diſtinguiſhing the 
three different Varieties of Caſks; the Con- 
. tents of the two firſt may therefore be found with 
greater Expedition, by the Rules given for thoſe 
two Varieties ; ſee Pages 161 aud 164: But, with 
Reſpe4 to the 3d Variety, the laſt-mentioned' 
eneral Rule (Pa. 167) is preferable to all that have 
ie been, or, perhaps, ever can be propoſed. 


8 - EXAMPLE 6, 
Wherein it is propoſed to find the Content of a 
Caſk in Wine Gallons, whoſe Bung- Diameter is 3 1, 


|  Head-Diameter 23, Length 50 Inches, and the 
Diſtance mn 1.4 Inches. (See Fig. Pa. 157.) 
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85 855 1 
n | Vie Danes 31 
. n ef 
| ) | « „ 72 93 = 
* 7 The Sq. of che B. 7 nay g62 tal} de 


ne e ys 3 
5 Sum 1490 this 
Bung Diameter 32 

Tocie 1.4 (che Diſt de en a | 


The Diameter in the en 58. 2 7 85 


between the Bung and Head 
ODE big! 56: wes We Ee 28.2 
6 71 ; E * WMS 
2236 
564 


| The ie Squar of which is 795. 2 
| | rr by —2 4 | 
8 | 1 . 5 Gives N [er 
W : Add 1 1490. 


Sum 4670.96 
| Waliphie by the Leng 4", J 50 


1764 1223545 — 
W. G 


; | 1 les, I apprehend, will be ſufficient 
to enable the Learner to find, by the foregoing 
Method and Rules, the Variety and Content of a 
E ans +} 


* 
70 
{ « 


1 


The Contents of Caſks may be truly, and more 


- expeditiouſly obtained, by firſt finding a Mean- 
Diameter; as will be fully explained in the next 
Section: But, before we enter upon that, it may 
not be amiſs to give two general Rules, for deter- 
mining the Diameters taken in the Middle, between 


the Bung and Head-Diameters, of the ſpheroidical 


Caſk; and alſo that compoſed of the Middle F ruſ- 
tum of the parabolic Spindle. | 


8 eee eh 


27 be "PE and Head-Diameters, and the La 
- of any Spheroidical Caſk being given; to find the 


Diameter exactly in the Middle, between the * N 


and Head. 


Rurz. n 


To three times the $ are of the Buog Dis 
ter, add the Square of the Head-Diameter ; xth 


of that Sum will be the Square of a Diameter in 


the Middle berween the I and Head. FLEE 
2 2 Pnaor. 
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6 a. 4 hos 1 * r ke 
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® Ler khan and Head-Diameters, and 4 the Length of ſpheroidical, 
be repre = by 5,'b, and 4 Sl. alſo . : 


ance in the Axis (leſs than 4) from the Bung-Diameter : Then the Square 


of the ſemi- tranſeerie Axis of the whom Sphereid, being (by the Property 


of the Cor) N we have (again by ne Fran of the 


8 2 35 (or rf „ . == — 
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2 the ws of the Re at » Diſtance from the bash "which 


4 — 9 | = — * 
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the Ping Wy Haad Diamiters. F the Middle 


Pruſtum of. 2 Parabolic Spindle being given; to. find 
* 5 05 in the Middle ue ihe PE: an 
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1 che es er ubtrad *t of Pa 


Difference of the Bung and Head - Diameters, the 


Remainder will be the r jo eee iN 


n the FOO and Head 5 


f 2 2 W 8 
1 * 5 * 4 4, 44 » +. 


EAA 1. e 


S# 44 


e a 2 toe 8 the Bung- 


Diameter is Head - Diameter 24, and the 
Length 42 ce it is required” to find the Dia- 
meter in the Middle N the Bung and Head: 
And alſo the Content of the Caſk in Ale n 


"0 the "apron Pa. * A 


, near tne 
ED Rn _ the Bu Diameter = 30  - 
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Firſt, hy the N 
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Square of che Middle Diameter... 
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9 The Difference of the Diameters 8 
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The Sq. of ga, the Bung Diam. = 1024. 
The Sq. of 24, the Head Diam. = 576 

Four times 912, the Square 2 __  - 3 | 

of the : Middle Diameter SO", 


Sum 5248 
wude by the Length 2 42 
114 10496 
A 4 20992 


955 „ 32= 
the Content in Ale Gallons, exattly agreeing with 


F4 
bo 


that found 5 the common Micthod "10S oat | 


1, Pa. 90h, 


Ex A 1 PLE 2. 
W kivcin it is required to find the Middle-Diame- 


ter; and alſo the Content in Ale Gallons (by the 


general Rule, Pa. 167) of a Caſk of the ad Variety, 


whoſe Bung and Head-Diameters, and Im are | 


the ſame as in the EE * 


wg 


or- Are. . 


Ach is 2, which being 
ſubtrated from 32, the Bung-Diameter, leaves 30, 


Sr Middle Diamerer 1 ; Be oc to the preceding 


; Woe oe » ST" 
ol p 1 a * - 
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Then the Sq. of 32, the B. Diam. is 1024 
The Square of 24; the H. Diam. is. 576 


Four times the Square of 30, 
the A ph nr is 5360 aff 
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71. Butt 25 
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8 1005 PEI bono ang 101.37 


he en r Ale Gallons, very nearly agrecing 


"with that found by the common POR 
EE Ns W 3 5 


* 4 . 


The two lat Examples were olily given Bere, to 
ſhew the Conformity between the general Propoſi- 
tion (Pa. 167) and the common Method of finding 


the Contents of theſe two Caſks ;+ which, in the 


firſt Ns. will Aways be an exatt Fe eee 1 
5 al 


1 — hats * 8 * n - "0. 1 „ FY 1 * 


rn 5 228 3 RN * N 


47 Phe Reaſon of the general Rule (Ps. 1677 bringing out 275255 che 
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ky Meaſure of the ſp Caſk, is from hence: If 4, 5, M. and d, de- 
note the Bung, Head, Middle Dimeter, and Length reſpeQtively, of any 


ſpheroidical Caſk, and 1 7854; then inftead of M®, in the Expreſſion 
* F e e for the Content, fubftitute its Eq ul , 


4 — from the Property of the Carve, Pa. n and we 20 cot 


„ N, l * 27 +37) FF), which. is well known.to 


55 3 {pheroidical Caſk, 


4 as 4 
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eee 


aw & 


9 1 EY a 8 | 
" Hence we can eafily Ga when the Anſwer begin out by the, 
Rule (Pa. 167) is firiftly true ; 3 we have another Rule, or no 
whereby the trve Meaſure of a Plane of a known Form, or 3 Solid generated 
by the Revolution of a Curve of a —_— Property, can be found: For if 
-Inftei4of (M) the Middle Perpendicular Bn a EN or (M*) its Square 
(if erg we ſubſtitute its Equal, y Fr 


from the Propert the 1 — 


3 


and in the ſecond, the Difference vil be 3 
derable i in e : 


n 7 ” — an * 
* — * —— 


(or Figure); 3 if bete relle he 4. Rule for determining 
the Meaſure of the Figure, it is evident (in ſuch Caſe) the general Rule here= 
after given for 8 equidiftant Perpendiculars go — that at given Pa. 29 
for three equidiſtant perpendicular Planes, wi 
Thus, for Inftance, in the Fruſtum of a ſquare ex abr ep a* and 5 datotethe | 
Areas of the two Ends, and 4 the Altitude of the ſaid Fruſtum ; then, ia the 


n a eo. de * T for SE: erg its 4 19 
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. eee 


55 * > e x £ mids known 
ts be the agurate Meaſure of e Eur 5 5 NAY * 
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Ornszwieg, ket the Frofum f the Pyramid be — it . 


ge- homologous Sex of the greater 60d bene ats Bess of | 
Fruſtum, be denoted by a and b reſpectively; and let a correſponding Side of 
8 el Section in the Middle be denoted by M: Then will a, 42, and Ma, 
che Meaſures of the three parallel E and therefare, by 


che general Rule, Pac 167, a® FAM * — vill be. an de Content of 


the Fruſtum (d repreſenting the perpendicular Diſtance of the two extreme 


Planes); — — But © = the comeſyonding Side of the Plane in ths 


META: = 00, which being abated ae in th 


tener Pepſi pr he Content we get Fe © * 85 I 


FFT x £, wikis well bee e no rh 
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7 AHERE ar. are ins EA now in Practice, | 
the Mean-Diameter.of à Caſk, 
or reducing -it to a Cylinder, of the ſame Length 


asd. Magnitude 3 che firſt is, by myltiplying the 


Difference of the Bung and Head. Diameters, by 
ſome conſtant, or fixed, Multiplier (as by ,7 for 
2 ſphet6idical Cask, .68- for the Middle Fruſtum 
W 4 parabolic Spindle, Sc. according to the 
of the Cask), and adding that Product to 
Diameter, this Sum is is Called the Mean- 
"Diameter of the uk; which is erroneous, as 
will be ſhewn hereafter. 
The other Method is, by the Tables which are 
to be found in moſt Authors on Gauging, and are 
alſo graduated on one Edge of the Sliding-Rule; 
but, it is plain, choſe Tables are formed from a a 
Conſideration that 41 Casks which have the ſame 
Difference between the Bung and eee eme 
have one conſtant M 
therefore ann 14 alſo GR: — For it is | 
abſoh le there any conflant 
— np, uſed in reducing Casks 8 of the 
ſame Variety) to Cylinders, of the ſame Lengths 
nitudes with thoſe Casks ; unleſs it be ſuch 
which have the Bung and Head- Diameters in ſome 
conſtant Proportion ; tor the Multipliers muſt vary, 
" wm. theſe VIE Yrs as will be age fy 
made 


Sxc r. X. GAUGING, 177 
inade to appear: It may ſuffice to ſhew here, by 
an eaſy Example, that two Casks (of the ſame 
Variety) may have the very ſame Difference of 
their Bung and Head-Diameters, and yet the 
Proportion of the Diameters of each Cas, may 
be very different. 

Thus, let 32 and 24 inches be hö Bung and 
Head-Diameters of one Caſk, and thoſe of another 
be 48 and 40 Inches: Here the Difference of the 
Diameters is the ſame in each Cask, but the Pro- 
portion of their Diameters is unlike ; for, in t 
firſt Caſe, the Bung - Diameter contains the Head 
and 2d Part thereof; but in the latter, the greater 
exceeds the leſſer by 4th Part only: Theſe two 
Casks therefore, though the Difference of the 
Diameters is the ſame in both, require different 
Multipliers. 

From the faveſtigations*: in the ſubjoined Notes, 
two different Methods a be given for finding a ' 

8 : Mean- 


n „ 


4 f 5 v 6 N * N 
1 — — 2 
1 


Let the Head- Diameter of any ſpheroidical neee called x, the bung - 
a and let mr denote ſome Multiplier, by which the ſaid Bung- 
— bets multiplied, the Product will give the Meag-Diameter of the, 
2 or, which ; is the ſame Thing, the Diameter of a Cylinder, whoſe Length. 
and Magnitude are equal to thoſe of any propoſed ſpheroidical Caſk: Hence 


(by the well-known Theorem) we get —.— —— therefore x = 


* 
> 
— ———ů———²ꝰ · ⅛˙ ˙5r ; „% „1 „ „ — 


r = conſequent] — neter is ts le 
Head - Diameter, aniverſally, as y 1 2 2 or a8 1 2 
From whence it is eaſy to r t. tay the 8 ( 2 
the Ratio of the Bung and Head-Diameters muſt vary; conſequently nſequeatly there 
Cannot be any conſtant, or fixed, Multiplier. a 
Moreover it evidently appears, that the Multiplier (m) cannot. be greater 
than Vaity, ie, , therefore all the Multipliers, or Valves 
of m, let the Bung and Head-Diameters be what they will, are included bet- 
ween 1 and ,$164 &c, . | 2: — but it will be unneceſſary to extend 


any of the Tables, b fo: Coli (@ 7 ole whoſe Bung 
(or 1 e . | * 
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Miean- Diameter, and both of them equally accurate 
aud comprehenſive ; the firſt is, by multiplying the 


Bung- Diameter by a Number, an Factor, accord- 


— 


ing to the Proportion of the Burg and Head- 
Diameters, this Product will give the Mean- 


Diameter; the other Method is, by multiplying 


the Difference of the Diameters by: a Number, or 


Factor, which muſt, alſo be according to the Pro- 
. of the two Diameters of the Caſk or 
Ve 


ſſel ; and that Product being added to the leſs 


Diameter, the Sum will be the Mean- Diameter. 


But, as it might be deemed unneceſſary to exem- 
plity both theſe Methods, I thought it would ſuffice 


to only put down for the firſt, the Tables of Mul- 
 tipliers, as they are derived from a different Con- 


ſideration than any hitherto offered to the Public; 
but fon the other Method, I have given both Ta- 
8 Factors, and proper Examples to illuſtrate 

me.... J as: VEL 
_+ By/\ theſe laſt Tables it will plainly appear, that 
the common Factors 7, .68, Sc. uſed in reducing 
Caſks to Cylinders (notwithſtanding they are better 


© adapted to Practice than any other. conſtant Factors 


whatever), are only » ftrif#ly true in particular Cir- 


cumſtances: And though the ſaid Factors will be 


/ 


ſufficiently near the Truth, in finding the Contents | 


of many Caſks which occur in Practice; yet, it 
is very certain, when the Caſk is ſomewhat out 


of che common Form, the Error will then be far 
8 too conſiderable to be diſreg ad ed ; 5 thas'? pie 


ſume theſe Tables will be found of great Utility, 


in determining the true Content of a Veſſel in any 


of the following Forms; namely, for a cloſe 


* Caſk 
, » ” 
* = : T * Ls... ** 
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Caſk, either in the Form of the Middle Fruſtüm 
of a e Parabolic Jpindle, or Hyperbolic 
A 22553." A B25 ©: FEE 


1779 


— us | ttt — — 
2 CAFAI 


Let the Head-Diameter of a Caſk, repreſenting the Middle Fruſtum 
of a parabolic Spindle, be denoted by x, and the Bung-Diameter by y, and 
let (as in the preceding Note) the variable Multiplier be called m; then (by 


2 2 
the Writers on Fee we have 2 T 225, or — = 


WY 
| F 3 


| 2097 2268 N 
4x . coneuently 


the i is 8 the ——— univerſally, as 5 ty X 


[SDS oras 1: f =: Hence it pe, 


that, when the Ratio of the Bung, and Head-Diameters varies, the Multiplier 
(m) muſt vary: Moreoyer it is evident, that the Multiplier () cannot bo 


; greater than Unity, nor leſs than FS VIZ, 9990s Se. 


+ Let x be the leſs, and Fl I REAR IR PBS fe 
parabolic Conoid or that o a Cone, alſo let m be a Multiplier, by which 
if the greater Diameter be multiplies, the Product hall be the Mean- 


Diameter; hence (by the well-known Theorems): we have the 8 
Equations: 


Viz. gebun- 2 2 


*. 


For the Fruftum of ENT, = | 2 
e endo: R 
Equations, Fd 2m*—1, for the Fruſtum of a Parabolic Conoid. | 
being ſolyed, | „ 
. x 9 am? — . e e of © Coun, FE! 
9 the greater Diameter is 0 the Nn uni verſally, 1 


4. 1 i;, for ihe F i a Parabolic Conoid. 


; I; Ja. for the Fruſtum of 2 Cone, Wk 

2 — it is evident, that when the Ratio of the two Diary: of each 
Fruſtum varies, the Multiplier (m) muſt vary It is likewiſe evident, that 
the ſaid Multiplier, in the firſt Caſe, cangor be greater than Unity, nor leſs 


than T. or. 7071, Ge. and in the Fruſtum of a Cone, the Multiplier (w) 
| cannot exceed Vaity, nor be leſs than T, ww 


wit, $3773» Tec EONS l 


- 


- 380, A Txxarioz of Sober N. 
Spindle; and alſo, for an open Bai the F ſap 
. eee eee F< EL _ 


SA. 2 2 ke 4 k I 


_ 


ay 3 n * * 
— — — = „ 1 W 


foregoing Proport it appears eee, 


\ the ung (or greater) Diameters, are 
| $164, Ve, 11 ET: 
T ep 9302, G (V3). Land Unity : ene is evident (from 
8 ogg Se, (VF). Tables 88 . rhe 
Eo I chat the Limits forthe Multipliers, for 


> 8773. Ce. () * Differente of the Diamerers, are ; 
[ +6666, Ce. 5 8764, Gr. 
Between 6666, Sc. = and . 47392, ey 
„ dae Se . | 
1 2 it 2 K 3. 1 
The Multipliers th eh 3 roigic or 
Fruſtum of parabolic ana ; kewl t be THE) fo .) for the Fruſtums. 
of parabolic Conoids and Cones, 10ns of 
Bung and Head, or greatet ard leſt Diameters (ſee PART 177 bat 179). — For, 
by aſſuming the Ratio of the two Diimeters, we can readily obtain * Ho 


of m; Thus, for Inftanct, let the Ratig. of the greater and leſs 
de as 2 to x; then we have 


For the Middle Fruftum' of a Spheyoid, 


For. the Middle Frakes of a 
 Parabelic Spindle + +. 


m—— 47 


For the Fruſtum of a \ Parabok Conoid, 3 : * ami— 


cothe Froftumy of a Coat SR 9, 5 8 A : 
lian da Gore mn Wh TEES h Bed 72 5 


it } ee | 
15 -A => the gre! Malipirn fr the Bag (or gat) 
* of any Caſk, or Veſſel, in the above Forms N= Diameters are 


in the Ratio of 4 to 11 — Or if n Diameter be | 
by Unity, and Mean-Di (or leſs) Diameter by af 5 then the above Nambers 
ra: ede — themſeles bo | 


The . for the Middle Fruſtems of the Er Spin (Tab, 
SET ip 198 ——— 


the 
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And I flatter myſelf, that the Advantage of the 
following Tables will be acknowledged by the atiens# 
tive and unprejudired Reader, as better adapted to 
real Practice, than any hitherto publiſhed z conſider- 
ing both the Facility of the Operations, and the 
Accuracy of the Concluſions : For, bythe Method 
here laid doyn, the Contents of cloſe Caſks (and 
* by © 8 Io open 


* * * 
. , C © Þ 
4 . * * 4 1 neee "IS — 


— 


r 4 


$3 pers L W - * .- Lo ww 4 F 9 7 


the general Propyfition, Pa. 167, we ſhall have DOT . 2 8 


—— — —— 


. i ag 
denoted by Unity, and the Head- Diameter by any Number Jef than Unity 5 
N Example, by . 75, we ſhall 2 it „26 (1.76) : 

4 = 194975 Eb. a. 160), the Double whereof is 
8753 then 1—. 0855 = 186 = the Middle Diameter; therefore, in this 


450 3 i 
Caſe, b=1, b=.75, and M = ,9125 3 conſequently / —— 


17 


„ EV, = WO 
(= mw) =, : D e = the Mean - Diameter, or 


al Multiplier, for the Middle Fruſtum of an Hyperbolic Spindle (of this 
orm) whoſe Head-Diameter is equal to þ of the Bunt · Diameter. 6 
925 axis Tables, are reſpectively deduced from the xt and 2d; in 
$ e ow anner, : ; a N 
Having already proved, that the Maltiplier () depends intirely upon the 
Ratio of the OE ee of the Fruſtum ; and therefore, in the 1# and ad 
Tables, the Bung (or greater) Diameter being ccnoted-by Unity, we have the 
* Head (or leſs) e Pra yea in ing voy ace Co e the 2 
Nuoetient of the Head (or iameter, di vi t {or greater ) Diameter; - 
and in 2 other 2. (titled Mulripliers, Sc.) ſtand the true Man- Blame 
ters for the reſpective Caſk, e. whoſe Bung and Head (or greater and leſa 
meters) are as here ſpecified ; Thus, for Example, call the Bung-Diameter 1, 
the Head - Diameter .6, theh the Mean-Diameter (or Multiplier) of ſoch a 
r Caſt (by Tab, I.) is ,887 z whence (by multiplying the Difference 
of the Diameters by x, and adding the Product to the Head-Diameter) we get 


s =.387, cn = 7175 for a Multiplier; whereby the | A 


"4 . 
c ˙ M r ee 


* wb 
« - 


Difference of the Diameters of every ſpheroidical Call, having the Bong and 
Head-Diaweters in the Ratio of 5 to 3, muſt be multiplied, and the Product 
added to the Head-Diameter, in Order to obtain the Mean-Diameter : The 
Fat Method muſt be obſeryed in finding the Multipliers for the other 


\ 
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open Veſſels): may, with the gtmoſt Exactneſs,:.be 


2 e xpeditiouſly: obtained, ag, by that unceriain 
5 Mahod of uſing the fixed-Multipliers... n ae s 
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Eabiliting the Multipliets,” e if the Bing- 


©" Diameters of Caſks, reſembling the Middle Eruſtums 


ids, or__of Parabolic and Hyperbolic 
Spindles, be multiplied ; the ProduBts will give the 


„e thereof, 8 
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Shewing the Multipliers, by which if the greater 
Diameter of the Fruſtums of Patabolie Condids 
and Cones, be multiplied; the Produtis will give 
ibe Mean-Diameters thereof. 
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=, the preceding Tables; the Mean-Diameters 
of Caſks, compoſed of the Middle Fruſtums of 


A and of parabolic and hyperbolic Spin- 
es; and likewiſe the Mean-Diameters of the 


Fruſtume of parabolic Gonvids and Cones; may 
be e by the following general 
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Divide the Head: (or left) Diameter, by the 
eater) Diameter, to two Places of 
the Quotient, an which, in the 

roper Column, we have a Dicimal Fraction; 
Which agg $oneey "ls the Bung (or greater) 
Diameter, give the /rue Mean- 
Diameter 
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Exbibiting thz/Multipliets, whereby if the Differente | 
ef the Bung and Heads Diameters vf a Spheroidical- | 
Coſt,” or that compoſed. of the' Middle Fruſtum ef a 
Parabolic vr Hyperbolic Spitidle, be multiplied, and 


' Propoſex Caſt, within the 
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| Tag Places of | Decimals -being taken for a 
' Mukipher, in the Manner as they, are now placed 


on the Sliding-Rule, wa give the Mean · Diameter 


a Caſk. to a ſur A 8 Degree of Exactneſs: But 

4 udged it woul Nee to give three Places 

5 8 ee Table, 3 in Order to ſhewin what 
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Then againſt .60 (Tab. III.) in the firſt Column, 
and in that for ſpheroidical Caſks, we have the 
Multiplier (or Factor) e 
e by th the 20 of f the Dim. = 26 


= : 

x q : — * * \ „ _— 
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4 ” 
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_ __ to an Obſervation of a very celeb 
Author, the Mean-Diameter will come G 
Inches; and W for 299 — . 
then aher zo be dut 11403 | Which 
is e leſs cha the Trunk ** . OY | m2 
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Let it be + propoſed to find the Mean-Diameter, s 
in Wine Gallons, of a Caſk repreſent- 

the Middle. Fruſtum of a Parabolic Spindle 

whole Bung-Diameter is 355 a My, 


| and the 2 42 Inches. 
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inſt 75 (Tab. III.), in the r Co- 
1 ech is aries we have .678 for a Mule plier; 


| 5 ple, the ameter is 29.424, and the requi- 
3 123-648 Wine Gallons; the ſame as 
fund by * general Rule, Exam," 3, Pa. 164. 
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160 * $38 l Py "448 Þ Be Abs 5 5 
: osx 931 Ale PE 


Tf the Head-Diaincter 39, be lad by the 
Bun Diamete Me- the Quotient will be. 6; aaiaſt | 
(Tab. 1 


he Column r l 
Parry we 15 7 1 Wt 1 | . - fins ata bach 


Multiplied by the Difference af * 26 
the Bung and Fee 


. 7726 
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A Ef ue a 1242 


1555 oF 7 
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8 1 of ud 1048 x 
ne ain th Head: Nader gfe op io N 


7 
2412. 9 10 ibs CH i515 ——— 3 33 + 


| * Meen-Diameron' anialts . 
in Wine Gallons, anſwering to this gs is 
10.34, which being multiplied by the Length 
(110) gives 2137-4 Wine Gallons, the required 
Content of the Caſk : Which differs 106 Gallons 
| from one of a ſpheroidical Form, having the ſame, 
Bung, Head, and Length, ſee Pa. 163; but a- 
grees, very nearly, with the Content found ac- 


| * Rn to the e ys. ſee Tor 35 1 
108. . 4 | 


2 the def ., 5 5 2 178 
| Tothe Wine Gauge-point.on D. ſer the Length 
110 on the Line C (7. 128 iſt Radius) ; then 


_ againſt the Mean-Diameter 55. 8 on D, we have 
7737. 1 Galois, 125 N on C oe che 
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EAA 4. 


8 When it is propoſed to find the Mean-Diame- 
en W e 2 the 
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Middle Fruſtum of an Hyperbolic Spindle), whoſe 
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It 's from the foregoing Table, that the 


- Mean- iameter of the Fruſtum of-a Cone is nearly 
equal to half the Sum of tile top and bottom Diame- 
ters of the ſaid Fruſtum; eſpecially when the leſs 
Diameter is more than 26s of the greater Diameter: 
But this apron it” 3 evident from Table III. 


—— not hold to the other aut 
tums, in any beute deere W 
een . 1 05 0 inn Ve 


& N E x een e 


er r Diameter. of the Fruſtum of a Ph 
is 45, the leſs Diameter 27, and the 


Altikude 40 Anchtes ; required the Mean-Diameter 
ee 


um, My e * Wine e . 


H. 
3 - 2 | 
Ce og wy ths [a 8 2 3 3 A Mew "of 47 
1 On 110 . 25 9 
f 18. | 1. 


„ 


1 eh "TY 607: 25 V.), in 1 for the 
F ruftutns of Parabotic Cottoids, we have 362, which 
deing ghtiplied by the Difference of the Diameter 


(18), 37 10.116, to which add the leſs Diameter 


(27), abd the: Sum. will be the required Mean- 
* 37. 116: — The in Witte Gallons, 
anſwering to this Diameter, is 557 which being 
"OM ut the . 40 ö 


Gies 15 87.320 Wine Gat 
1 DES TRI: ſought ; very) Mearly _—_— as 
in che N Pa. ON 1 8775 | 5 ; 15 } | 
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is r 
+. 


By the: GO Y 


M8 

To ha a e Point on D, ſet the A Altirude 

As Length) 40 on C; then oppoſite 37.1, the + 
Mean- Diameter on D, we have wu 3 Wine 

Gallons, the hrs aa C. "es x 

| | 15 ; Ein 1 


e 


tient .55 (in Tab. 
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F 


ExaupL 6. 


Let the leſs Diameter of the Fruſtum of a Cone 
be 22, the greater Diameter 40, and the Altitude 
60 Inches; required the Mean-Diameter and Con- 
tent of the ng in Wine Gallonss. 


Or 110 15 * 


40) 2. 00.55 Quotient. 


Then againſt . 55 (Tab. IV. Pa. 191) in the 
Column for the Fruſtums of Cones, we have for a 
Multiplier . 524; whence, by proceeding as in the 


- laſt Example, the Mean-Diameter comes out 
31.432, and therefore the Content is 201.48 _- | 
Gallons, pe Pa. 115.) 


ESR | By the Sliding-Rute, 


To the Wine Gauge-point on D, ſet the Alticude 

50 on C; then againſt 31.43, the Mean-Diameter 
on D, we have 201.5 * e 
as before. 8 


1 


The W found in the p tet 
ſt and ad 


1 Examples, y be alſo obtained by the 1 
Thas, To the . . Dem a Quo- 
), we have for r of | 


Tables, — 
a Cone 7858 


| Muttiplied by the greater Diam. 40 — | 


4 


Gives the Mean- Diameter 31.4320, 14 — | 


as above: Which, in this Caſe, is found with more 


Expedition that by the other Method but it muſt | 
be obſerved, that the ſaid Method - aig 


| more. conciſe than by the 1ſt and ad F. 


. chan eas "PE (MENT ſome ES 78 
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* 
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© Circumſtances one) taken for a Multiplier in the 3d 
and 4th Tables, will be as exact, as when four 
| Figures ar are welken for a N in . al and 2d 


we 2s ; 


: * the cue abt Projortia Y the 


DiaconaL Rod. 
: 5 35 (ee Fig. Pa. 160.) ; 
The Divitlana graduated on this Rod, are „ 


ad upon the well-known Property of ſimilar Solids; 
namely, that their Contents are to one another as. 


the Cubes of their homologous (or like) Sides, or 


| Dimenſions. : 


If the BungDiameters, Tead- Diametem, and 


| Lengths of any two Caſks (of the ſame Variety) 
are in the ſame Proportion to each other, thoſe 
_ Caſks, are then alike in Form, or ſimilar; and 
their Contents will be to each other, as the Cubes 
of their correſponding "Dimenſions, and therefore 


(in this Caſe) as the Cubes of their Diagonals. 


Hence it is plain, that the original Conſtruction 


of the Diagonal Line was extremely eaſy: For the 


Bung and Head-Diameters, Length and ee 


of ſuch a Caſk as beſt agreed eee, fe 


N Foun of * /being: ay 28 maler! in 


ieee of a Cet was 
on of the Dia Line, eren 


* e known : It muſt be allowed 


5 2 of it, or the Ratio of . 
ain orm of i 0 0 

gn the me pap may vary; deen it is evident thas 
gore ion being known, are not ſufficient to 
de "of ts 1 WO $4 pn, that, 


Sh : 
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and Tenths ; then the Square of half the Length 
of the Caſk, being added to the Square of half 


and the Length nn 542) = 


O 2 


* 
— 


l * 


beſides the Diagonal, there muſt be given another Dimenſion, in Order to 
obtain the Form of a Caſk of a given Magnitudez which, in the preſent 
Caſe, is to be a given Multiple of the Cube of the Diagonal: Thereſore if the 
Bung, or the Head, or the Ratio of the Bung and Head-Diameters is known; 
then with any of theſe, and a given Disgonal and Content anſwering thereto, 


the Form of the Caſk (ſuppofing the Nature of the Curve known) will be 


eafily determined; provided the greateſt Content that can be formed with the 


above Data is either equal to, or exceeds the Content anſwering to the propoſed 


Diagonal, or, which is the ſame Thing, to a'given Multiple of its Cube; 


which Circumſtance is known. to obtain in a ſpheroidical Caſk, in _ Ratio 
of the Bung and Head-Diameters within a certain Limit; namely, when the 


_ Head-Diameter does not exceed Nine-tenths of the Bung-Diameter :— See 
mp Queſtion in the Ladies Diary 1763 z and ita Solution in the ſubſequent 


ow, in Order to determine which is the moſt geuerel Form of ſpheroidical 
Caſks, to be met with in Practice, whoſe Contents will be truly obtained by 


the Diagonal Line z we muſt aſſume, to any given Content, either the Bung, 
or Head, or Ratio of the Bung and Head-Diameters (ſuch as is known ts | 


occur, according to the moſt general Form of Caſks); then the Queſtion 
Diagonal Line will exhibit its true Content. | 


o 
J 


- becomes limited, and the Dimenſions of the Caſk may be found, ſo that the - 


Let, for Inſtance, the Content of a ſpheroidical Caſk be 110% Wine Gallons | 


(ts Diagonal, on the Rod, will be 34-4 Inches, nar), and let the Ratio ofthe 

ng and Head-Diameters be as 1 to. 35; moreover Hr ana days be de- 
noted by x, and p. 7864: Then, by Tab, I. Pa. 18a, we have for a Multiplier 
9526, therefore .g520x will expreſs the Mean-Diameter of the required Caſk z 


but ,925x = F the Sum of the Bung and Head-Diameters, conſequently the 


Ko ; ..üä—— — 
Length of the Caſk will be expreſſed by x 178.36 —. 255 * , whence. 


29118 5855 * 26x|* X = 255236. and .. = 3a, the re- 
: el iy. NE 25535: 5o 3s 


quized -Diameter ; wh (=32X-35}'= 27.25 


It is very evident that this Method is e ng 4 like Manner, toany 


of the other Varieties, as well ar the ſpheroidical Form :—S for In hw 


the Content of a Caſk of the 3d Variety to be x26 Wine Gallons, (wbereof 
Diagonal, on the Rod, is 3 5.9 Inches, nearly), and that the Ratio of the Bung 
and Head-Diameters be 26 x to. 74. Then, by Tab. I. Pa. 


: 


= 
. 


— P 
1-8 . a [ 
6 v * : 
q 3 % : 
b 7 1 * «7 


182, agaiaft .74, 
we havefor 2 Moltiplier. 39933 . 2X 771 — _ will exp r fs the 


| Length of the Caf, and conſequently 29 35-9] nx Jag Xp 
=126 x 231229106, or 2% Nöte X $08j#*X:5Teq==29106, 
| 1 ©) whence x = 31.3 = the Bung-Diameter, and: , 31.3X 74 a 5m the - | 


F by Y 


i 


ds 


"WM 5 . as. BP 147182 of Szcr. X. 
4 the Sum of the Bung and Head-Diameters, or. 
_ _ OW: of that Sum will 1 the ry 


» 
* - 
* 1 > 
p N 
* * 


% 4 SUES" 
* * 


— * 


— — — the Megnitdeof he Ca. 5 


} 11 he Buag and Head-Diamaters and Variety of a Cuil ure now, we can 
. readily determine the Length thereof, ſo that the Diagonal Line ſhall exhibit 
4 —— Diameters be repreſented b reſpeQively 

Let and Mead- a and 75 *. 
2 ET Multiple of the Cube of the - for Wine Gal- 
. lons; alſo let A = tbe Area of a Circle in Wine Gallons, whoſe Diameter is 

5 2 and x == þ the required Length thereof: 


Fo, 3 55 * 


| 


— 


J | Now if, "HDR b = 24.16, noe 
HE ts of the 15 e then, by Teb, L Pa, 182, bun ( 74 (A 25 


31.3 
Ae a Multiplier, whence the Mean-Diameter is (= e. 
__— 


1447 *. A 4.6% Wine Gallons ; conſequently th 
becomes 4 
— T4147 205 — 15 7 


< EO | TGC 2x 3 whence. x = 23-4, and (2x). 
OG N gy e 


55 N N TS 0 Conotianr, pita | 
RS: do Method e ihe ow | 
8 — contains four i 7 Nerz, and 

e other two will be found to be real affirmative Ones: This Circumſtance 
EN. the Bung and Head-Diameters, Es © 
ſaid Ratio: o near to that of Equality, as 1 to-.$98, in a 
PEE © — z in a Caſk of the 3d Variety : — Whenceijt 
ES » Þ plain mee as i, the Lins of ere —— a 
C 5 ive Roots 
5 eee e eee 
1 er 162 
of, nes the Rade of 88 Burg, and Length, f 
; Caulk of EE be as 23.16, 8 46.8, or — 31.3, and 
; 23 repo exhibited by the Bus- 
5 211. | a 5 
"IP - or dntermining Figure of a Spbereidi- 
be obtained by the Diagonal Rod : The follow- - 
tion, that the Content of the Caſk, and the 
. 9 Caſk in cubic Aegean (on heal), 
eee of Head end Buog-Diam. eee 
8 : 1 i * 
1 8 * 8 
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the Diagonal Line; againſt which were placed the 
| Pao of the Caſk, in Ale and Wine Gallons, 
found by the Rule agreeable to the Variety of the 

fad Caſk: Then will hold, W 
| Diagonal, 


$0. lt. 


— — — 


the Semi- ann. — 21 the Sum of the Bang ad Head 


| dn e. IT" bare wr 


wt by Gap a 636 HER. I), on EDS nh 
1 ST + ELL x2. = 44 Now its 
expounded by 1104 Wine Gallons, or 2552 5, 5 cubic Inches, the 4 
bee. by jm Gm 5 2 — 


| Nombers is Es x sg e in 6.1. 


s 5 re _ 45 5 
163163, eee. and . — = 7% the ay. | 


FP 4 8 4 OWN WE'D 1 Hs OT 
an when # vanihes, thr bore Pquon bcome 
5 * * =. the Equation or a whole Spberidy therefore, if 8. 


| 299706 (the 0 Inches iv 126 Wine Gallons), and 4 35.9 2828 6 


nding Diagonal, we ſhall have * = $5.52, or 32. 8a, for the 
= prolate and oblong Spheroid relpellively, "whence 


| e pre RR 
| Ferne err . 


the Ratio of the Axes of u prolate Spheroid' be as 5: 7 
Content will be traßy exhibited by the Niagonal Line ; bets d vas: 
in an oblong Spheroid, the ſaid Ratio muſt be as 32.22 to 1458. 


N. B. In the above Equation for the ſpheroidical Caſk (as well a+ is thee. | 
a whole he other 


„ x has two poſitive Roots 3 and/therefors. t 


35 Vale of * (in the Equation PU”. will come out 23.6, 


. * ee . 


; N 
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Diagonal, is to the Content of the Caſk in Ale or 


Wine Gallons, ſo is the Cube of any other Num- 
ber (or Diagonal) propoſed, to the Content of the . 
"Caſk in Ale and Wine Gallons, anſwering to that 


2828 onal: Whence it is evident, that the 
ube of the Diagonal of any Caſk and its Content 
(according to this Conſtruction) are always in a 


conſtant Proportion; therefore, if the Content of 
the Caſk firſt found (or any Other) in Ale and Wine 
_ Gallons be divided by the Cube of its Diagonal, we 
. hall obtain(.002228 and :00272) two general Mul- 
_ tipliers, whereby the Cube of 

RE e wen p25 eee will give the 
Co t 


any propoſed Dia- 


ntent of the Ca 


Gallons reſ; 


(on the Rod) in Ale and Wine 


8 PPP 
"As the Diagonal Line is well known to be of ge. 


| neral Uſe in practical Gauging; it may therefore 
not be amiſs to give a few eaſy Rules, whereby we 
ſhall be enabled to know when it may be applied 


with Certainty. - 


The Content of every Spheroidical Coſt will be 


obtained by the common Diagonal Line, if the 
Proportion of the Head and Bung-Diameters and 
Length be as 27.2, 32, and 49.5 or a8 27.2, 32, 
And 35 reſpectively: Or, in other Words, if the Quo- 
+ _ tient of the 'Head-Diameter divided by the Bung- 
Diameter be. $5, and the Quotient of the Head 
A "Fn . by the Length be either . 35, or 
. near ug ä 9 FR 3 OL Re Me | 
. ; But if the Quotient of the Head divided by 
the Bung-Diameter, of any Spheroidical Caſt what- 
ever, be 85 (as above), and the Quotient of the 
Head - Diameter divided by the Length, ſhould be 
eeitber leſs than. 32, or greater than. 78; then will the 
exhibit more than the true Content of the 
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t if the ſaid Quotient is between 35 and 
2 Ie e D{2.0 Dus 2. N 20S A, ; N 5 78, 
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.78, the Diagonal will give leſs than the true Con- 
T oe ng 7 4s; „ 
Under the ſecond of the above- mentioned Forms 
(or nearly), are comprehended all Rum Puncheons, 
Herefordſhire, Ic. Cyder Hogsbeads, and half Hogs- 
' © #eads; and many other Caſks to be met with in | 
Practice. TCT 0 q 
I)he Diagonal Line will ſhew the true Content n 
of every Caſk of the 3d Variety; whoſe Head. 
Bung- Diameter, and Length, are as 23.16, 31.3, 
and 46.8; or as 1 31.3, and 32 reſpectively: 
Or, which is the ſame Thing, if the Quotient of 
the Head divided by the Bung-Diameter is .74, 
and the Quotient of the Head divided by the 
Length be either . 3 or. 73, r. 
Blut if the Quotient of the Bung and Head-Dia- 
meters of any Caſk of the 3d Variety be. 74, and the 
Quotient of the Head- Diameter divided by the 
Length be either leſs than .5, or greater than 733 
then the Diagonal Line will exhibit more than the 
Content of the Caſk ; but if the faid Quotient is 
between .5 and. 73, then the Diagonal will ſhew 
leſs than the Content. | 


Hence it appears, that the true Content of Li/box . 
Wine Pipes (being of the gd Variety) will be nearly 
obtained by the Diagonal Line, and alſo that it 
will exhibit more than the Content of Port Pipes. 
|. _» (of the zd Variety) ; becauſe the Quotient of the 
Head-Diameter divided by the Length is always 
/d ⁊ Ro bg) von g SR 
It moreover appears, that a Mountain Butt, if it 
is of a ſpheroidical Form, will be ſomewhat under- 1 
gauged by the Diagonal Line; but if it is of the _ 


3 


” 


3d 4 4 the Diagonal Line will then, very narh, 5 Fe. 
erxhibit the true Content: For the Content of a 
- , Caſk of the zd Variety, whoſe Head, Bung- Dig. 


meter, and th, are 48 26.6, 32, and 41.4 


2 '- reſpectively 
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 reſpedtively (which is nearly the Form of Moun- 
5 2 Butts) will be obtained by the Diagonal 


Beſides the precedin Forey of Caſks, a vaſt 
Number of others might be pointed out, whoſe 
Contents would be truly exhibited by the Diagonal 
Line; but as the greateſt Part of thoſe Caſks 
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5F i 3 Gives the Ullage diesen. 
K ji the Same as before. # 7 


. The Buſineſs of finding a Wes Dee 0 Sf. 
PS 5 being now rendered very exact, exped peditious, 
5 2neral,. for any of Sap! Ons Varieties ; it is 
| ore preſumed, that the preceding Method of 

be 8 N by the Pen, the Ullage of. an ſtand- 
—_--. ing Caſk (and alfo that which follows for lying 
x 55 Call), Ty * found e to bo N 
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"Let the Mean-Diamerer be found (ſee S. X | 
A to the propoſed Variety of the Caſk: 
rom the bot Inches ſubtract half the Difference 
between the Bung and Mean- Diameter. and divide 

the Remainder (with Cyphers annexed, ſee the 
Rule in Pa. 93) by the Mean-Diameter ; then, 
| againſt. the Gworient, under the Letter V. S, in 
_ the Table. of the Areas. of the Segments of 
eiue we have a Decimal Fraction, which being 
RE. . — S > 
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that Product multip ly by the Length of the C 
and this laſt Produg divide. by 292 for Ale, 
231 for Wine - the Quotient will give the 
' Ullage ſougbt . 


F 1 N a3 * 4 ** = 
* 22 S Au 2 49 au Fe 18 3s 4 


e 5 ä 
8 mY «> I Tis 

Suppoſe che Bung Di r of a ph pheroidical 
Caſk" is 3 Inches, Aide N 
Length 48, and che wet Inches 143 required the 


a in Ale and Figs . Ta. 
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it is plain that Aeon bt) = 


and Mean-T TINS SE Fe ts verſed Sine of the 

ircle whoſe ag is 45, Now let thi Meaſure of « apr 
R—_ whoſe uneter is Unity, pr go = } 
be-denoted by A; the Mean-Diameter ab==b, and ... == ; 


mnie Pa, 1, 31>: Tr ty 


| r is ob) fimilar to that of A 
— #AxI=sills'Meifire (in Inches) of the Ullage Aer. 
. 888 92 9e 1 \-ConertLany _ 8 
If A repreſents the Meafure of a Cirel 
_ Unity (i, 4. one Inch), W and / ax befdts + — Then, becauſe 


Circles of their Diameters, we 32 '2 
8 . wy Segment, aber =D Le 
.ig 


Ares of the 3, 

Ce. Which indeed may 'eafily effected, in the following anne. 
2 1 78s ay. hee (the TE a Cirde'w = ae ra is Vaſty) dabtract, 

, ing do the ines «498 «497». 
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| the Segments correſponding to d 1503; oz. d. S064. Ge. Fru of 
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Let. it be required 4. nd, in ibe foregeias 1 
| xample, the Vacuity, dor Quantity of Liquor „ 
drawn, qut of the Caſk; the Operation will be s 
follows. 8 108 1 GET? 2 4 Thru n 
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| Multiplier 


- 06. e 7 ier. XI. 
ou Sith equal” Faeflit), te Any of the three 


acietiesz' becauſe it chiefly depends qn the Mean- 


00 Diameter, which is now obtained ei. reat Eafe 
and Exaftneſs, let the Variety of the Caſk be what 


ir WII: (See Se. A 5 It ma 8 be pro- 
dd obſctve here, Harte Do antity of Liquor 
a lying Caſk, obtained the preceding Me. 
thods, Yoo 1 85 - 5 ere mw = | 
11 { ull ; but t 
* 84 that can poſſibly happen, either in 
or Deſect, will be: wholly ee in 
= Gauging,*, TS WY en 


„ may y. be. proper to mention a i 

ſtance} Aich 9 Was. ee omitted in ect. X. 
Pix. If ae exact Quotient of the Head (or leſs) 
Diameter Tres by wr 1 reater). Diame- 
ter cannot be found in the Tables (ſee 55.1 185, Sc.); 
then the Mean- Diameter will differ a ſmall Matter 
. from the Truth; but the grenteſt Difference that 
can ever bappen, by the 7. he, will be wholly in- 
_ conſiderable in Practice, and that Difference will 
even become leſs, if we obſerve to take out the 
Which anſwers the neareſt to the ſaid 
Thus let the Head - Diameter be 21.7 
and the'Bun 32 Inches; theſe being divided as 
above, the Justiant will 3678, os therefore 
the Number againſt .68 (in any of the Tablet) will 
e ne that againſt . 
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e a enn 1 1 WED. em 4 1 
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” "Wiki bs very evident Us Kin e hs Oh Lachey are equal 
rn ifference. between the Bunt and Mean- 2 


N55 mean wet Inches vaniſh ; nad 
Sr nee, | 
rd Veg) ley) will to nn, when the. wet Inches are equal to Faw 


of Lion i le N Hate 
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do be a Subject of very great Importance in ſpecu- 


Matter in us clear and practical a Light, as the 


Ten of any Curve whatever, and the dotted Line wap « fmall Portion of a _ 


Ster. XII. GAUGING. 
SECTION XII. 
Or meaſuring Cuavx-LiIx RD PLANES, 
H E general Method of approximating the 
Areas of curvilineal Planes, by Means of 
any given Number of equidiſtant perpendicular - 


Ordinates (or Diameters), was firſt demonſtrated 
by the moſt illuſtrious NzwToN, and is well known 


K 


Ts 


£31 


lative Mathematics, "I CEN 
And although this general Method has already 
been adapted to the preſent Subject (particularly, 
firſt of all, by that excellent Mathematician Mr. 
Robert Shirtcliffe, in his Theory and Practice of 

| Gauging, and afterwards. by my late worthy and 

| ingenious Friend, Mr. Samuel Farrer, in the Ap- 
pendix to Overles Gauging), yet we find it has 
not ſufficiently | merited the Attention of every 
practical Gauger, which, it is preſumed, is owing 
1 ra the Tediouſneſs of the Rules hitherto laid 
For this Reaſon, I have endeavoured to put the 


Nature of the Subject can poſſibly admit of, and 
have illuſtrated the ſame with ſuitable Examples: 0 
— And moteover, to 'oblige the ſpeculative ' I, 
Readers; Lhave given, in the ſubjoined Note® tage 
| : wy "a 77 15 | F f | ; | Dem t tion A 
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. p<: de _— e a. PIX of 


— 


- 


ns... 4 
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e _  Pmroroettion. y WEI 
„ Suppoſe the black Curve-line onp (ſee Fig. XVI.) n repreſent @ ſmall 


— ns of 12 14 7182 1 Sxer. XII. 
Demonſtration of this Method 3 (which indeed dees 
| 3 differ, * in one 8 
* A | 


Ps et : 4 - Nos | "P ESEE..” 


N = 


— — 2 


2 3 8 FW 


= ES A, Hom. . — an 2 — 4 24— 
F 


near. 


At Hg e en e 3 
| Ordinates of the propoſed Curve, draw the Right-line- (or Ordinate) ways 
Ys mm ga ee run, which is well known to ws Tedyat to 
Curve, at the Point x ; produce Av and Cy to meet MS in mand 5: 
en becauſe it is proved, by the Writers on Fluxiqns, that a Parabola is 
 wwo-thirds of a'ReQtangle of the ſame Baſe and Altitude; it follows, from 
the very (ame Principles, that the parabolic 8 is two-thirds — 
the Parallclogram np. — Now it is evident, 
$ 1 Cy \ 
hat Bo: (em SED) n ede tothe Area ie 


_— HD $I Ort ef Dye logs 


1 e are taken dikes Alu ts cath other, the common parabolic 
Curve paſſing through their Extremities, will, wery nearly, coincide — 
e  otherCurrs, i: ag through the ſame three ins 4 Becauſe, as'a Pari 

+ Curve hav an Infinite 


Variation of Curvature, it may be juſtly conceived to 22 . 
neh, coincident with any uber Carve for a ſmall Diſtance: Whence it 


. e e Frprefſion (TTA Tp x — —) vill exhbir bees. 


of the pars 


a. . fordetermining, « * 
. odd Number of equldiſtant Ofrdimites,' or Perpendicutars bo 
AY. 7 Ma hag" mores \Right-ines, | 
5 8 parallel 


* 


4 


14 "2: 


N mining, with a4d Numder of Ollie, the tas 
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from what is given by that incomparable and moſt 
Eren, Mathematician, the late Mr. Thomas 

IMPSON, in . ee Pa. 10g. 25 80 
4D ES And 


—_— „ — — * ** . 1 7 1 T —_— . 
* - - bs 


parallel to each other: For let the perpendicular Diftance of thoſe two given 
12 Av, Gb, be divided into equal Parts, by any odd Number of 

erpendiculars, Bn, Cp, De, Cc, which in ſome Curves are confidered 
as Ordinates, and in others (particularly manage e as Diameters (and the 
greater the Number, the greater is the Degree of 8 wo] Thea by the 
eee a we found AvF4Bro-Cp * 2 for the Ana of 

AB 

| Aw ne got Sr 20 (>) for the aer. 
— of eh = FFFIFE FO * 4, Ve; therefore the 
Sum 1 (each having one common Multiplier) will be expreſſed 
by = * 55 aer = the Area of the : 
ariel Bas e, nearly.: Whence the geen Rule is ma- 


rn © 6 


1 
Conortany a, 


* Tf, at the Fxtormity of the cxrvilineal. Space: whaſe/ Ares is. ſought, - ds 
| Ortikare be ſuppoſed. to vaniſh; then (A ge Nothing) we hare 


FG FD Fat FE B fare FO FE. x —— A general Toperfon 


for approximating, with any even Number of Eh. 4c Perpendiculars, the 
Area of any curvilineal Plane, bounded by two perpendicular Right-lines and 
a Curve, The above Expreſſion, in Words, will be as follows T four times 
be Sum of the 1ff, 3d, and 5th, &c, Perpendiculars (beginning at the * 
ada ibe laft, and alſo Double the Sum of all the Reft ; this Total being multiplied 
4 14 of yr es the Product will be the required Area, ys 


— 


4 3 Conoiiany 3. 


eder Y: Cram, tha if at both the Extremitie of any curvilineal Plane, 
the Ordinates (or — . Nothing. we ſhall bare 


T7. „ =>» general Expreſion for u- 
Meaſure, + * 
any curvilineai Plane, bounded e line and a Curve, or who Ve 
2 Curve, n my | be thus 7 four Tims che Lit 3% 
the 1ff, 34, 5th, Ke. P. Fr this 
Total being multiplied by Sf the — Daune of thi Perpendiculars, the 
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„ © SEBOLIUM 
» . we! 2. 


410 A Txrarisr of Srer. XII. 


And from the ſaid Demonſtration, I have 


deduced two general Rules; one for approxi- 


mating, with any even Number of equidiſtant 
perpendicular Ordinates, the Area of any curvi- 
Fineal Space, bounded by two perpendicular Right- 
lines and a Curve; and the orber for obtaining, 
with any odd Number of equidiſtant perpendicular 
Ordinates (or Diameters), the true Area, very 


_ nearly, of any curvilineal Space, comprehended 


either by a Right-line, and a Curve, or wholly by 
-a Curve: But it is to be obſerved; that theſe Rules, 
for the moſt Part, will not approximate the Areas, 
of ſuch Planes as occur in che Subject of Gauging, 
Fo near as the following general Rule; which deter- 
mines, very nearly, the true Meaſure of any curvi- 


lineal Plane, bounded by three perpendicular Right- 


lines and a Curve, of any Kind; or by two pa- 
rallel 14 and two Curves, of any Kind. oy 

lt may be proper to (obſerve here, that it will 
always be neceſſary, according to our Method of 


*> conſidering the Matter, to take an odd Number of 
Ordinates; which indeed is unavoidable, when an 


Ordinate is taken (as it always is, in the practical 


Method of taking the Dimenſions of a curvilineal 


80 Back, 


4 — 4 „ = 9 r n r 


2 1 1 


— N — ä 
* 


34 = % ( T——8 . 
It is to be obſerved, that neither of the preceding Rules will approximate 
the Area ſo near as that deduced from Cor. 1. for the Error increaſes towards 
the leaſt Ordinates, on Account of their Obliquity to the Curve; the Length 
whereof, between any two adjacent equidiftant Perpendiculars, keeps conti- 


nually increafing, and copſequently gives greater Latitude for different Curveg 


tio pa through the ſame three Points, in thoſe equidiſtant Perpendiculare, 


If the Number of equidiſtant Ordinates (or Perpendiculars) exceeds three; 
then the general Rule derived from the 1. Cor. will not frifly agree with 
thoſe Rules obtained from the general Method of Differences; which deter- 


mines a parabolic Curve of Kind to paſs through eny afligned Number of 


Pointe: Whereas, in the Method here laid down, common paraboli 


die ſuppoſell to be deſcribed through the 1ft, 2d, and 4d, the 3% gth, and 


It, and through the 5th, 6th, and 7th, Ge. Ordinates ; but t 
| of any curvilineal 


ng from computing the Area Plane, by theſe two Me- 


. © thode, js extremely ſmall, and can never he of the leaſt Conſequence in the 
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Back, Sc.) exaBl in the Middle of the two ex- 
treme Ordinates: And therefore this Method, 
which is comprehended in one general Rule, let the 
odd Number of Ordinates be what it will, claims 
the Preference in Point of Expedition; fince it will 
appear, by the following Examples, that a large 
Number of Ordinates does but very little increaſe 
on Labour of Computation, which is far from 

the Caſe in any Rules (founded on n 

Principles) I have. hitherto. met with. 

woo we proceed to-exemplify this Method, it 

may not be amiſs to give a few general Directions, 
for taking the Dimenfions of curvilineal Backs; 
ſuch roo now hg aa Uſe w_ OY mo 
ny: c. | 


Let che Bottom of a an peel Veſſel by repre- 
| ſented by the following Figure; then in Order to 
find the Center, and alſo to draw the tranſverſe 
_ ee Diametem thereof z Og as fol- 
| owe, * wo 


Fut, "with your. Challe Line, i in any: Part of the | 
Back, ſtrike a Line AB; then, with one Foot of 
vour Compaſſes on s, at ſome convenient Diſtance | 
from AB, deſcribe an Arch of à Circle, fo as to 
| gut that Ling, as at 43 and with the ſame Extent 


"+ 


3 
N 


* 
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upon Haw Diftarice from à (in the Line AB) 
deſcribe the Arch un; then upon , a8 4 Center, 
with the Extent a, deſcribe another Arch, cut - 
——— Wy 3: through the: Points: 3 and x, ſtrike 
(wich your Chalk - Line) the Right-line CD, which 
is to AB, and through c and 4, the Middle 
CD and AB, draw the Line EF; the Middle 
. which-is/ (at O) che Center of the Ellpfis : 

pon O, as a Center, with a Line (or String) of a 
ſuitable Length, let two Marks be made in the 
Feriphery of the Figure; as at G and H, and mark 
the Right:-line GH, which biſect (i. e. divide into 
tyo equal Parts) in the Point h; through which, 


andi the Cemer O, ſtrike (with the Chalk- Line) the 


tranfyerſe Diameter TS; and upon two Points p 
and v, equally diſtant from O, with an Interval 
gester than Ov (or Oy deſcribe two Arches inter- 
tecting eachother ia 2; then —_— O'and: 2 


; . the conjugate Diameter VW. 


_ After: the Bottom of the Veſſel is thus n 


| Fa the Ordinates, or Right-lines, perpendicular 


to EF, by the following Method: See the Figure 10 


Exam. 3. Pa, 227. 


Firſt ſet off, with your Compaiits, each Way 
19 the Center O, two, three, or four, Sc. equal 


Diſtances, according as you intend to take 3, 7. 
or 9, c, Ordinates; and, at the ſame Time, 


obſerve that the Diſtance (he) of the extreme Or- 


5 dinates is taken ſomewhat leſs than the tranſverſe 


Diameter at the Top of the Back; then draw the 


Line PM pe to EF; thus, with any Interval 


F© (lſst alf the leaft Ordinate), and upon a 


_ eonvenientPoint , a8 a Center, deſcribe the Arch 


. um, and with the Extent , upon 7, as a Cen- 


ter, deſeribe another Arch, cutting the former 


rn a - 
3 Then fer offs each Way 
\ 2rom 


| * 
8 . 4 * 
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from 7, the ſame Number of equal Diſtances, and 
with the ſame Extent as thoſe ſet off in the tranſ- 
verſe Diameter; that is, let 4d, re, dO, ef, Og, 
Sc. be all equal to each other; then, with the 
Chalk-Line, through the Points 5, 7; d. e; g. b: 
| 5 c, k; mark the Ordinates AB, CD, GH, and 


Now, in Order to draw Lines from the Extre- 
mities of the Ordinates, Ce. up the Sides of the 
Back (ſo that Ordinates may be taken, in any Part 
of its Depth, at the ſame equal Diſtances as thoſe at 
the Bottom) proceed in the following Manner: 
Hold a (chalked) Plumb-Line at the Top of the 
Back, directly over the Ordinate AB; then, order 
your Aſſiſtant to hold the Plummet at the Extre- 
mity A; ſtrike a Line * the Side of the 
Back, from the Bottom to 

the very ſame Manner at the other Points C, R. 
a G, I, F, K, Sec. to E. . 5 . 


A GENIAL Rur E, for determining, very nearly, 
witb am odd Number of equidiſtant Pependicu- 
| lar Ordinates, &c. the Meaſure: of any curvi- 
lineal Plane, bounded at each End by an. Ordi- 
| nate. „„ N 
To the Sum of the firſt and laſt, or the two ex- 
treme Ordinates, add four times the Sum of the 2d, 


the Top: Proeeed in 


th, 6th, and 8th, &c. Ordinates, and alſo Double 


the Sum of all the Reſt; this Total being multiplied 
by one-third of the common Diſtanee of the Ordi- 
nates 3 the Product will give the required Area, very 
narhy: Which being divided by 282, 231, and by 
2150, the Quotients will be the Areas in Ale and 
Wine Gallons, and Malt Buſhels reſpectivel7). 
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Let i be required to find the Area of A | Circle, 
whole Diameter is'36 Inches. 


In the Quadrant AOB, draw four equidiſtane 
nk perpendicular to the Diameter AD, and let 
their common Diſtance EF (FG, Ce.) de 4 — 
cbhes; then, by the Property of the Circle, we get 
Oy: SO of that e viz 


— — 
D 4 


* 


1 Hence the follow- 
——_ . 


EY 4750 ona TI. 9 
. The 3 of the extreme Ordinates i is =o 4 24 


3 


2 Four times the Sum of thed 7 1 70 
2422424 ꝗùd and 4th (30.96) is 5 aa 
= Tvicete Mr Ordinata! 8 10. is 3 24 
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be XII, 
Which being le pid by 4, and the Product di- 


N - vided by 3; or, which comes to the ſame; mul- 


Aplied by one-third of che common Diſtande, 
gives the Area of Weir OBE "243-093 
Add the SegmentAEe; whi (by Reaſon F 
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